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A new series of dopamine D4 receptor agonists, l-ary!-3-(4-pyridinepiperazin-l-yl)propanoiie oximes, was 
designed through the raoditlcation of known dopamine D,i receptor agonist PD 168077. Replacement of the 
amide group with a raethylene-oxime moiety produced compounds with improved stability and efficacy. 
Structure-activity relationsips (SAR) of the aromatic ring linked to the A'-4-piperazine ring confirmed the 
superiority of 2-pyridine as a core for D4 agonist activity. A two-methylene linker between the oxime group 
and the A^-l-piperazine ring displayed the best profile. New dopamine D.i receptor agonists, exemplified by 
(£')-l-(4-chlorophenyl)-3-(4-pyridin-2-ylpiperazin-]-yl)propan-l-one 0-methyloxirae (59a) and (/i)-l-(3- 
chloro-4-fluorophenyl)-3-(4-pyridin-2-ylpiperazin-l-yl)propan-l-one 0-methyloxime (64a), exhibited favor- 
able pharmacokinetic profiles and showed oral bioavailability in rat and dog. Subsequent evaluation of 59a 
in the rat penile erection model revealed in vivo activity, comparable in efficacy to apomorphine. Our results 
suggest that the oximes provide a novel structural linker far 4-ar>'lpiperazine-based D.) agonists, possessing 
leadlike quality and with potential to develop a new class of potent and selective dopamine D^ receptor 
agonists. 



Introduction 

Erectile dysilinction (ED) is defined as the inability of the 
male to achieve and maintain a penile erection sufficient for 
adequate sexual intercourse. ED affects 20 to 30 million men 

in the United States and over 150 million men worldwide." 
Pharmacological treatment of ED has been revolutionized since 
the introduction of sildenafil, an orally active PDE5 inhibitor.- 
Two other phosphodiesterase (PDE5) inhibitors, tadalafiP and 
vardenafil,'' have been approved recently for the treatment of 
ED. These drugs can improve erections in >60% of men. 
However, there are populations of patients who have low 
incidence of erections or have contraindications to the use of 
PDE5 inhibitors.-'' 

Penile erection is regulated by peripheral factors and by the 
central nervous system. The physiology of penile erection was 
extensively reviewed,'""^ Sildenafil and two other PDE5 inhibi- 
tors are representatives of the peripherally acting drugs. Dopain- 
ine is one of the major modulatoiy neurotransmitters in the 
central nervous system (CNS) responsible tbr the control of 
sexual function.*''" Two families of dopamine receptors have 
been identified."''^ The Di-hke family consists of D| and D5 
receptors, is Gs-coupled, and activates adenylate cyclase. The 
D2-like family consists of D2, Dj, and D4 receptors, is Gi- 
coupled, and inhibits adenylate cyclase. Apomorphine is a 
nonselective dopamine Dj-like receptor agonist and exhibits 
efficacy in patients suffering ED." 

We have reported that the dopamine D4 receptor subtype 
activity is responsible for the erectogenic property ol:" apomor- 
phine and that the D2 receptor subtype activity is responsible 
for the side effects of apomorphine, like nausea and emesis.'"-'^ 
The culmination of our efforts was discovery of 1, a selective 
D4 agonist that facilitates penile erection in rats."''''' 

* Con-espouding author: lei 847-938-7907; lax 847-935-5466; e-mail 
teodozyj,kolasa@abbott.com. 



Selective D4 agonists may also have a therapeutic indicafion 
in ADHD (attention deficit with hyperactivity disorder), raeraoiy 
consolidation, or novelty seeking. """2' Therefore, our quest for 
a new structurally diverse class of selective D4 agonists has 
continued. Most research in the D4 ai'ea has focused on discovery 
of selective D4 antagonists," because of the antipsychotic 
activity of clozapine (a preferential D4 antagonist). Only a few 
selective D4 agonists 1-7 have been described in the literature 
(Chart 1). Compounds 2 and 3 were the first reported selective 
D4 agonists,-- *•■' Recently, four other compounds 4—7 were 
described as selective dopamine D4 receptor agonists.-'"-" The 
agonists 5 and 6 were less eflicacious (36% and 31%, 
respectively) in functional assays than the recently described 
agonist 4 (% E = 83). The fourth one, 7, was a potent D4 agonist 
(EC50 = 50 nM) and showed high efficacy (83% vs 100% 
efficacy of quinpirole).-* 

Our strategy to design the next generation of selective D4 
agonists was to start from the known D4 agonist and make such 
structural modifications that the D4 agonist efficacy would be 
preserved in the emerging new class of compounds. 

We selected 2 (ECso = 8.3 nM, % E = 60), a selective D4 
agonist (> 100-fold selectivity over D|, >300-fold over D3, and 
> 400-fold over Dj receptor, 20-fold selectivity over ai- and 
ai-adrenoceptors, 45-fold selectivity over 5HTia, and 460-fold 
selectivity over SHTia)^-' as our starting point. Modification of 
the link between aryl and piperazine rings led to the oxime series 
(Chart 2), showing good agonist activity at D4 receptors. First, 
to improve the stability of 2 and its analogues (as aminals, they 
have a limited stability in acidic conditions-^), we replaced the 
amide group with a methylene-keto group to get ketone. 
However, because of carbonyl group metabolic liability ,-'^•3'^' we 
transfoiTOcd the keto group into an oxime to obtain a novel class 
of potent and efficacious dopamine D4 agonists. 
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Chart 1. Dopamine D4 Receptor Agonists Reported in Literature 



Kolasa et al. 



Chart 2. Amide to Oxime Replacement Approach to Obtain Scheme 2" 

Novel D4 Agonists 



Cliemistry 

Maimich reaction^'-" of aikyl aryl l<etoiies 9a--vv with 
1-aryipiperazines (I3a,b, 15a) and paraformaldehyde in the 
presence of acid gave piperazinylpropanone derivatives ("ke- 
tones"). The partially purified "ketones" were condensed with 
hydroxylaniine or 0-alkylhydroxylamine in pyridine to provide 
oximes (17-30, 38-40, 73, 75) or 0-alkyloximes (31-37, 41- 
71, 74. 76, 85a), respectively. In the case of commercially 
available /^-chloropropiophenones, the piperazinylpropanone 
analogties were prepared by direct condensation of /(-chloro- 
propiophenones (lOa-c, 11, 12) with 1 -arylpiperaziiies (13c- 
1, 14, 15b) in .AfjA^-ditnethylformamide (DMF) in the presence 
of inorganic base or by relluxing of /^-chloropropiophenone in 
toluene with 2 eqiiiv of l-arylpiperazine.-'-'' (Scheme 1) Some 
0-alkyloxunes 32-37 were also prepared by alkylation of an 
oxime with an appropriate alkyl halide in the presence of 
potassium /-biitoxide.^'' 

The oximes with one (73, 74) or three (75, 76) methylene 
links were prepared by condensation of a-haloacetopheiione 1 1 
or y-chlorobutyrophenone 12 with piperazine derivatives, fol- 
lowed by reaction with 0-methyl hydroxylaniine as described 
for two-methylene link analogues. All of the aryipiperazines 
were commercially available except for 3-raetliyl-l-pyridin-2- 
ylpiperazine, which was synthesized by reaction of 2-bromopyr- 

Scheme 1" 



» Reagents and conditions: (a) K2CO3, DMF, RT; (b) MeONHj-HCl, 
pyridine. 

idine with 2-methylpiperazine at 120 °C for 18 h, The oximes 
with 4- (70, 71) and 3-piperidine (72a) cores were prepared as 
described for piperazine-based analogues. The appropriate 4- 
(15a,b) or 3-arylpiperidines 16 were prepared as described in 
the literature,"*-'"'"'" These were transformed into oxime deriva- 
tives by using procedures applied for the preparation of 
arylpiperazine analogries as depicted in Schemes 1 and 2, 

(X-Hydroxyketones were prepared from the crude l-aryl-3- 
(4-arylpiperazin-l-yl)propan-l-ones by treatment with iodoben- 
zene diacetate in basic methanol as reported in the literature.^** 
Reaction with hydroxylaniine or 0-alkylhydroxylamine gave 
the desired a-hydroxyoximes 79a,b or 0-alkyloximes (77a,b, 
84ab) (Scheme 3). 

The a-methoxy analogues (78a,b, SOa.b) were isolated as 
side products of the hydroxylation reaction. Both a-hydroxy 
and a-methoxy derivatives reported in this paper were tested 
as racemates. 




T 

17-30, 38-40, 73, 75 




13C-I, R = H,X = N 
14, R = Me,X = N 
15b.R = H,X = CH, 



■ Reagents and conditions: (a) Af-arylpiperazine, (CH2O),,, /-PrOH, concentrated HCl, reflux; (b) n = 0, 1, 2, K2CO3, DMF, RT- (c) n = 12 eguiv of 
yv-arylpiperazme, toluene, reflux; (d) HONHz-HCl, pyridine; (e) RONHj-HCl, pyridine; (f) /-BuOK, r-butanol, R-X, reflux. 
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Scheme 3" 




" Reagents and conditions; (a) (CH2O),,, i-PrOH, concentrated HCl, reflux; (b) (1) PhI(0Ac)2, KOH, MeOH, RT. (2) 5% H2SO4, CHCI3, RT; (c) HaNOH-HCl, 

pyridine; (d) H2N0Me-HCl, pyridine. 



Scheme 4" 



OMe 




83a 

" Reagents and conditions: (a) (CH2O),,, /-PrOH, concentrated HCl, reflux; (b) MeONH2-HCl, pyridine, RT. 



a-Methyl analogue Slab was prepared by condensing 4-chlo- 
rophenyl ethyl ketone 9x with 4-(2-pyridyl)piperazine 13a 
by the described Mannich procedure. Mannich reaction of 
3,4'-dichloropropiophenone 10c followed by reaction with 
O-raethylhydroxylamine provided 82a and 83a (Scheme 4). 

Results and Discussion 

All of the synthesized compounds were first tested for their 
flmctional activity at D4 receptor in a calcium flux assay 
(FLIPR), by use of recombinant human D,i,.) receptor coex- 
pressed with chimeric Gaq„5 proteins in HEK-293 cells as 
described in the literature.^' The results represent compound 
agonist etficacy and compound potency and are shown in the 
tables. The agonist efficacy is presented as the maximal efficacy 
of agonist in comparison to 10 /<M dopamine (100%). Com- 
pound potency is expressed as an EC50 value, a concentration 
giving half the maximal receptor stimulation. The compounds 
were also tested for D2 agonist activity in a similar FLIPR assay 
but by use of recoinbinant human D2L coexpressed with cliimeric 
Gttqos proteins in HEK-293 cells.^' D4 ligand binding atTmity 
was determined by radioligand competition against [^H]-A- 
369508 * with membranes from the engineered HEK-293 cells. 



Do binding affinity was determined by use of the Da-like agonist 
radioligand ['^'IJ-PIPAT on human D21, expressed in HEK-293 
cells. 

In earlier publications,"'"' it was demonstrated that the 
presence of a 2-pyridine moiety in the 4-position of piperazine 
(aryb group) provided D.i agonists with good potency and 
efficacy. And indeed, a modiiication of 2 by replacement of 

2- cyanopheny] group with 2-pyridyl group provided a compound 
8 with better efficacy (71% vs 60% for 2) and almost the same 
potency (EC50 = 12.9 nM vs 8.3 iiM tor 2) (Chart 3). 

Replacement of the amide moiety of 8 with the methyl- 
eneoxime group (Chart 2) provided 22a, the prototype 1-aryl- 

3- (4-pyridinepiperazin-l-yl)propanone oxime. This compound 
was a potent D4 agonist (ECso = 2.3 nM vs 8.3 nM for 2 vs 
12.9 nM for 8) with efficacy (74%) comparable to 8 (71%) and 
2 (60%). The compound's structure was confirmed by X-ray 
crystallography to be the ff-isomer (Chart 4). 

The encouraging results prompted us to further explore the 
strucmre— activity relationships (SAR) describing D4 agouism 
in this series. SAR of phenyl substitation (aryli group) (Table 
1) revealed that both E- and Z-isomers of oximes with 
unsubstituted or monosubstituted phenyl with electi-on-donating 
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Chart 3. 2-Cyanophenyl to 2-Pyridyl Replacement 



Table 2. SAR of O-Alkyl Group of 0-Substituted Oximes 



Chart 4. X-ray Crystal Structure of 22a 



Table 1. Oxime-Phenyl 




compd 






ECjo," nM 


%£» 


17a 


E 


phenyl 


4.4 ± 0.2 


70 


17b 


Z 


phenyl 


21.7± 1.8 


74 


18a 


E 


2-chlorophenyl 


24 ± 1 




18b 


Z 


2-chlorophenyl 


25 ± 1 


64 


19a 


E 


2-methylphenyl 


4.2 ± 0.2 


82 


19b 


Z 


2-methylphenyl 


20.3 ± 0.4 


72 


20a 


E 


3-fluorophenyl 


17.1 ±0.7 


72 


21a 


E 


3-chlorophenyl 


11.9 ±0.7 


73 


22a 


E 


3-methylphenyl 


2.3 ±0.7 


74 


23a 


E 


3-cyanophenyl 


13.1 ±0.2 


48 


24a 


E 


4-fluorophenyl 


31 ± 10 


74 


25a 


E 


4-chlorophenyl 


475 ± 110 


46 


26a 


E 


3,5-difluorophenyl 


19.4 ±0.3 


74 


26b 


Z 


3,5-difluorophenyI 


17.5 ±0.4 


70 


27a 


E 


3,5-dimethylphenyl 


45.8 ± 0.7 


55 


28a 


E 


2,4-difluorophenyl 


8.9 ± 0.7 


78 


29a 


E 


2-benzyloxy-5-methylphenyl 


> 10 000 


4 


30a 


E 


2-hydroxy-5-methylphenyl 


19.2 ±0.3 


73 



> 3). » Efficacy relative to 10 /<M 



groups showed good potencies (EC.io ranging between 2.3 nM 
for 22a and 31 nM for 24a). The exception was 25a, where 
/>-chloro substitution substantially decreased the potency (EC50 
= 475 nM) of the agonist. Since Z-isomers were minor products 



ts (SEM, n > 3). * Efficacy relative to 10 /*M 



of the reaction, only limited examples were characterized. The 
EC50 of Z-isomers 17b and 19b were 5 times leas potent than 
their ^-counterparts 17a and 19a, respectively. Tlie EC50 value 
of the Z-analogue 18b was equipotent to that of the ^-isomer 
18a. 

The efficacies of E- and Z-isomers of unsubstiluted or 
monosubstituted phenyl with electron-donating groups showed 
comparable values with tlie exception of 23a, having an electron- 
withdrawing cyano group in meta position (48% efficacy). 
Another exception was the p-chloro analogue 25a, which had 
exhibited reduced potency, also displayed only 46% efficacy. 

The efficacies as well as potencies of disubstituted phenyl 
analogues were substantially affected by the biilkiness of the 
second sub.stituent (29a vs 30ii vs 22a or 27a vs 22a), whereas 
analogues with two fluorines exhibited potencies and efficacies 
comparable to monofluoro-substituted analogues (26a vs 20a 
and 28a vs 24a). In general, the lack of ElZ selectivity in 
efficacy was observed for iinsiibstituted or monosubstituted 
Aiyli congeners as well as for disubstituted aryli analogues. 
Consequently, 22a emerged as the most potent compound (EC50 
= 2.3 nM) within the oxime analogues, whereas 19a emerged 
as the most efficacious analogue (% E = 82). 0-Alkylated 
oxirae analogues were also examined. First, we evaluated an 
effect of alkyl chain elongation in 0-alkyl analogues on D4 
receptor efficacy and potency. (Table 2). 

As shown in Table 2, 0-methyl, both E- and Z-isomers 31a 
and 31b, and O-ethyl ^-isomer 32a gave agonists with the 
highest potency and efficacy. Increasing the size of alkyl group 
resulted in a drop of potency, except for cyanomethyl analogue 
37a, and in a drop of efficacy except for 35a. The better potency 
of 35a than its isomer 33a indicates that an 0-alkyl group with 
a two-carbon chain is prefeiTed and that elongation of chain to 
three-carbon or more leads to a decrease in potency and efficacy 
(see also 34a, 36a). Subsequently, only oximes or their 
0-methyl- or 0-ethyl derivatives were used in the further SAR 
studies. 

Since our SAR studies of oximes started with the 2-pyridyl 
derivative 22a, we decided to reexamine the aiyl and heteroaryl 
substituents in the 4-position of piperazine (arylj group). As 
evident in Table 3, replacement of the 2-pyridine ring in 17a 
with 3-substituted pyridine (38a and 38b) or other heterocycles 
(39a, 39b or 40a) resulted in a 4-12-fold drop in potency 
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Table 3. SAR of 4-Piperazine Substinuion (Aryb Group) 




human D4 FLIPR 



compd 




R 




ECso," nM 




























38b 


Z 


H 


3-cyano-2-pyridine 


20 ± 1 


49 


39a 


E 


H 


2-pyrimidine 


39.2 ± 10.4 


49 


39b 


Z 


H 


2-pyrimidine 


69 ±22 


52 


40a 


E 


H 


2-thiazole 


49.5 ± 14.6 


44 


32a 


E 


Et 




28.5 ±0.5 


86 




E 


Et 


phenyl 


109 ±38 


80 


42a 


E 


Et 


2-cyanophenyl 


48.7 ± 16.9 


82 


43a 


E 


Et 


2-methoxyphenyl 


338 ±82 


76 




E 


Et 


3-methoxyphenyl 


2680 ± 1230 


30 


45a 


E 


Et 


4-methoxyphenyl 


> 10 000 


5 


46b 


E 


Et 


2-ethoxyphenyl 


347 ±66 


84 


478"= 


E 


Me 


2-isopropoxyphenyl 


594 ±46 


46 


47b'' 


Z 


Me 


2-isopropoxyphenyl 


601 ±60 


59 


48a 


E 


Et 


3-cyano-2-pyridine 


139 ±38 


64 


49a 


E 


Et 


3-methyl-2-pyridine 


253 ± 91 


49 


SOa 


E 


Et 


2-pyrimidine 


615 ± 189 


26 


Sla 


E 


Et 


2-thiazole 


81.8 ±0.6 


72 



° Mean values for agonists (SEM, « > 3). ' Efficacy relative to 10 ^M 
dopamine (100%). = 4-Fluorophenyl group instead of phenyl group. 



Chart 5. X-ray Crystal Structure of 39a 




accompanied by a significant reduction of efficacy. The pyri- 
niidine analogue 39a sliowed almost a 10-lbld drop in potency 
and 30% drop in efficacy when compared to its pyridine 
analogue 17a. 

The X-ray-crystal lograpby of selected pyridine-based oxiines 
22a, 25a, and 75a and pyrimidine-based oxime 39a revealed 
that the pyridine ring is positioned in pseudoequatorial orienta- 
tion (see X-ray structure of 22a in Chart 4), whereas the 
pyrimidine ring is in pseudoaxial orientatioti (see X-ray structure 
of 39a in Chart 5). The pseudoaxial orientation could increase 
steric and electronic interactions between the pyrimidine in 
4-position and propanone oxime group in 1 -position of pipera- 
zine, which could negatively affect the potency and efltcacy of 
pyrimidine analogue. As we noticed before, both E- and 
Z-isomers showed comparable potency and efficacy within 
oxime analogues. In the case of O-alkyl-substituted analogues, 
replacing the 2-pyridyl group in 32a with a phenyl moiety lead 
to a compound 41a with good efficacy (% E = 80), but >3 
times weaker potency (EC50 = 109 nM). 

Similar to the aryb SAR we have seen in other D4 series,"" 
the unsubstitiifed phenyl analogue (41a) and ortho-substituied 
phenyl compounds (42a, 43a, 46a) retained good efficacy. 
However, their potencies decreased with increasing size of the 



Journal of Medicinal Chemistry, 2006. Vol. 49, No. J 7 5097 

ortho substituent (41a vs 43a vs 46a vs 47a), with an 
o-isopropoxy group affecting not only potency but also efficacy 
(see 47a,b). The only exception was o-cyano substitution, which 
gave a compound 42a with potency and efficacy similar to 32a. 
The increasing size of ortho substituent probably forces a 
pyridine ring into a less favorable axial orientation (as described 
for pyrimidine analogue 39a), resulting in lower potency and 
efficacy. The meta-substituted analogue 44a had low efficacy 
(% E = 30) and a very low potency (EC50 = 2.7 /<mol), whereas 
para-substituted analogue 45a was inactive. Substitution of 
pyiidiue in 32a in 3-position with a cyano group led to 48a, 
showing lower efficacy (% E = 64) and 5-ibld drop in potency, 
whereas the 3-me1hyl group substitution in 49a provided an 
analogue with even lower poteticy and efficacy than 3-cyano 
substitution. Replacing of 2-pyridine in 32a with 2-pyrimidine 
(SOa) resulted in almost complete loss of agonist activity (% E 
= 26). 

The possible pyrimidine— oxime interactions in pyrunidine- 
based oxime should increase with oxime substitution, and indeed 
SOa, the 0-erhyl analogue of 39a, showed a 15-fold drop in 
potency (ICso = 60] iiM vs 39 nM for 39a) and a 2-fold drop 
in efficacy (26% vs 49% for 39a). The 2-thiazole-pyridine 
replacement in 32a alitbrded a compound Sla with lower 
efficacy (72% vs 86% for 32a) and almost 3 times lower potency 
than 32a, indicating that the thiazole ring has a different 
orientation than pyrimidine or that the smaller ring, like thiazole, 
is tolerated even in the pseudoaxial orientation. 

In general, only the 2-cyanopheny! group provided analogue 
42a with potency and efficacy values similar to the pyridine 
analogue 32a. In conclusion, the highest efficacy and the best 
potency for oximes as well as for 0-alkyloximcs were found 
for analogues 17a and 32a having unsubstituted pyridine as the 
aryl2 moiety. 

On the basis of the above results, analogues with unsubstituted 
pyridine as aryh were selected for fiirther SAR studies. We 
demonstrated in Table 1 the effect of aryli group substitution 
for oximes, and now the effect of phenyl ring (aryh) substitiition 
for 0-methyl-substitiited oximes was reexamined. 

As shown in Table 4, in the case of (9-methyloximes (both 
E- and Z-isomers), aryl, imsubstiluted and nionosubstituted 
phenyl analogues showed veiy good agonist potency (EC50 
ranging between 13 and 89 nM), except for S5b and 60a, which 
had EC50 > 100 nM. We could not identify a specific aiyl] 
substitution pattern controlling potency of E- and Z-isomers 
within 0-methyl analogues. Only for 3-substituted phenyl with 
electron-donating groups were £'-isomers (see 54a, 55a, and 56a) 
more potent than their Z-counteiparts (54b, 55b, and 56b). The 
efficacy in general was very high, and agonists 56a, 58a, and 
59a showed almost full efficacy. All E isomers of 0-raethy- 
loximes were only slightly more elficacious than analogous 
Z-isomers exce))! for 54b (aryl, = 3-fluorophenyl) and 57b (aryh 
= 3-cyanophenyl) agonists. The potency but not the efficacy 
of disubstiUited phenyl analogues was affected more signifi- 
cantly, except for E- and Z-3,5-difluoro analogues 61a,b. Most 
disubstituted Z-isomers showed higher potency than the analo- 
gous ^-isomers (with the exception of 61b and 63b), even if 
the efficacy of Z-isoraers was on average 10% lower than that 
of ^'-isomers. Replacement of phenyl group with 3-pyridine 
provided a compound 68ab with activity as good as phenyl 
analogues, indicating that heterocycles could be also tolerated 
as aryli group. The compound was tested as an E/Z mixture 
since the attempts to separate of isomers were unsuccessful. 

We showed eariier that 25a, an oxime with aryh p-cUom 
substituent, showed a dramatic loss of potency (EC50 = 475 
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Table 4. Phenyl Ring Substitution in O-Metliyloxinies 
I 



human D4 FLIPR 



compd 










31a 


E 


phenyl 


32 ± 1 


89 


31b 


Z 


phenyl 


24.1 ±0.3 


85 


52a 


E 


2-chlorophenyl 


42.3 ± 0.6 


79 


52b 


Z 


2-chlorophenyl 


57.2 ± 10.7 


73 


53a 


E 


2-methylphenyl 


74± 13 


80 


S3b 


Z 


2-methylphenyl 


40.1 ±0.8 


72 


S4a 


E 


3-fluorophenyl 


44.6 ± 0,2 


76 


S4b 


Z 


3-fluorophenyl 


60.2 ± 10.3 


79 


558 


E 


3-chlorophenyl 


88.9 ± 13.2 


80 


55b 


Z 


3-ohlorophenyl 


n3±18 


69 


56a 


E 


3-methylphenyI 


27.6 ± 0.5 


84 


56b 


Z 


3-methylphenyl 


61 ± 1 


75 


S7a 


E 


3-cyanophenyl 


63.7 ± 0,9 


63 


57b 


Z 


3-cyanophenyl 


27.5 ± 0.5 


70 


58a 


E 


4-fluorophenyl 


48.8 ± 0.3 


87 


58b 


Z 


4-fluorophenyl 


13.6 ±0.2 


79 


59a 


E 


4-chlorophenyl 


37.6 ±0.5 


87 


59b 


Z 


4-chlorophenyl 


56.6 ± 16.3 


68 


60a 


E 


4-biomophenyl 


183 ±44 


72 


60b 


Z 


4-bromophenyl 


82 ± 12 


64 








37.2 ±0.8 


92 


61b 




3,5-dillnoiophenyl 


46.7 ± 0.4 




62a 


E 


3,5-dimethylphenyl 


175 ± 66 


71 


62b 


Z 


3,5-dimethylphenyl 


74.7 ± 17.4 


83 


63a 


E 


2,4-dichlorophenyl 


249 ± 55 


78 


63b 


Z 


2,4-dichlorophenyl 


296 ± 35 


65 


64a 


E 


3-chloro-4-fluorophenyl 


148 ±21 


85 


64b 


Z 


3-ohloro-4-fluorophenyI 


95 ± 17 


71 


65a 


E 


3,4-dichlorophenyl 


542 ± 37 


79 


65b 


Z 


3,4-dichloiophenyl 


341 ±49 


63 


66a 


E 


4-chloro-3-methylphenyl 


I35± 11 


89 


66b 


Z 


4-chloro-3-methylphenyl 


98 ±26 


79 


67a 


E 


3,4-dimethylphenyl 


108 ± 26 


82 


67b 


Z 


3,4-diinethylphenyl 


91 ± 10 


71 


68ab° 


ElZ 


3-pyridyl 


33,3 ± 0.7 


82 



" Mean values for agonists (SEM, n > 3). * Efficacy relative to 10 /<M 
dopamine (100%). " 5:2 Mixftire of £:Z isomers. 



iiM) and efficacy (% E = 46) compared to the o- and w-chioro 
analogues (see Table 1). Alkylation of the oxhne with a methyl 
group restored the potency (ECmj = 38 nM) and efficacy (% E 
= 87) of 59a (see Table 4). This unexpected result could imply 
that the more rigid structure of 25a, if we assume an internal 
hydrogen bond of oxime with the nitrogen of piperazine, is 
forcing a chlorine atom in less favorable onentalion. O- 
methylation of oxime 25a would eliminate this intramolecular 
hydrogen bond and lead to a more favorable orientation of 
chlorine in the binding pocket.''^''''' 

The nature of the central ring was also important for activity. 
As shown in Table 5, replacement of piperazine ring with 

2- rnethylpiperazine (69a,b), 4-piperidine (70a,b), or 3-piperidine 
(72a) resulted in profound loss of potency and eftlcacy. The 
potency and efficacy of £"-lsomer 7()a, a 4-piperidine analogue 
of 59a, dropped very significantly and its 2-isomer 70b became 
coinpletely inactive. The replacement of piperazine ring with 

3- piperidine ring gave even more dramatic results than with 
the 4-piperidine replacement. A 3-(2-pyridyl)pipcridine ana- 
logue, E-isomer 72a (a 1,3 regioisomer of 70a), showed more 
than 3-fold loss of potency (ECm) = 606 iiM for 72a vs 195 
nM for 70a) even though their efficacies remained ahnost the 
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Table 5. SAR of the Central Ring 




human D4 FLIPR 



compd 1 




r R R, 




X 


EC5o,» nM % £» 




E 






N 


37.6 ±0.5 87 


59b 


Z 


H H 


2-pyridine 


N 


56.6 ±16.3 68 


69a 


E 


Me H 


2-pyridine 


N 


333 ± 39 60 


69b 


Z 


Me H 


2-pyridine 


N 


99 ± 14 45 


70a 


E 


H H 


2-pyridine 


CH 


195 ± 100 54 


70b 


Z 


H H 


2-pyridine 




10 000 10 


71a 


E 


H H 


2-pyridine N-oxi 




84 ± 24 77 


71b 


Z 


H H 


2-pyridine N-oxi 


de CH 


46.4 ± 0.9 65 


72a 


E 


H 2-pyridine H 


CH, 


606 ± 71 48 


"Met 




lues for agoni 


sts (SEM, n > 3). 


* Efficacy relative to 10 



dopamine (100%). 



Table 6. Effect of Length of the Linker 




human D4 FLIPR 





isomer 


R 




ECso," nM 


%£* 


73a 


E 


H 


0 


> 10000 


32 


73b 


Z 


H 


0 


26 ±1 


49 


74a 


E 


Me 


0 


4290 ± 1160 


26 


74b 


Z 


Me 


0 


43.8 ± 0.7 


74 


24a 


E 


H 


1 


31 ± 1 


74 


58a 


E 


Me 


1 


48,8 ± 0,3 


87 


58b 


Z 


Me 


1 


13,6 ±0.2 


79 


75a 


E 


H 


2 


9.5 ±2,5 


62 


75b 


Z 


H 


2 


59.3 ± 1.6 


65 


76a 


E 


Me 


2 


41.7 ±0,9 


60 


76b 


Z 


Me 


2 


33.5 ± 1.2 


59 



° Mean values for agonists (SEM, « > 3). ' Efficacy relative to 10 «M 
dopamine (100%), 



The drop in potency and efficacy of 70a, a 4-piperidine 
analogue of 59a, could be attributed to the axial orientation of 
the polar pyridinyl group in the 4-position of the piperidioe ring. 
For the polar 4-substituents of piperidine, the axial orientation 
is favored,'*' On the other hand, the oxidation of pyridine to its 
N-oxide would force the larger pyridine N-oxide back into an 
equatorial position. This .should result in pyridine N-oxide- 
piperidine conformation similar to pyridine-piperazine ana- 
logues. And indeed, as we expected, the D4 potency and efficacy 
were restored. Both ^-isomer 71a and Z-isotner 71b showed 
activity comparable with the activity of piperazine-based oximcs. 

Since the oxime series originated from the amide to meth- 
yleneoxiiue replaceraenl (Chart 2), our SAR was focused on a 
iwo-methylene linker between the oxiiue group and a piperazine 
ring. In the final step of our SAR study, we evaluated the effect 
of the linker length and substitution, Coniparison of the length 
of linker (Table 6) clearly confirmed that £-oximes, both free 
and O-methyl-substituted, with two-methylene linkers offered 
the highest efficacy when compared to one-or three-methykiie 
linker analogues (24a and 58a vs 73b, 74b vs 7Sa, 76a), 

The one-methylene linker fi'-oxime 73a (same orientation of 
O-methyl gi-oxip as in Z-oximes with two- or three-iuethylene 
linkers) showed very low efficacy and EC50 > 10 /yM, whereas 
the Z-isomer of three-methylene linker oxime 75b was also a 
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Table 7. Evalualion of Linker Substitution 

R2 ^ 



compd 






R2 


human D4 FLIPR 
ECso," nM % 


77a 


4-chloroplienyl 


OH 


Me 


46 ± 1 


89 


77b 


4-cliloroplienyl 


OH 


Me 


22.6 ±0.3 


94 


78a 


4-cliloroplienyl 


OMe 




195 ± 1 


79 


78b 


4-ciiloroplienyl 


OMe 


Me 


285 ± 1 


83 


79a 


3-metliyiptienyl 


OH 


H 


44.8 ± 0.5 


66 


79b 


3-methylphenyl 


OH 


H 


4.9 ± 2.3 


81 


80a 


3-methylphenyl 


OMe 


H 


5370 ± 1200 


53 


80b 


3-methylphenyl 


OMe 


H 


34.5 ± 0.6 


69 


81ab» 


4-ohloroplienyI 


Me 


Me 


459 ± 26 


62 


82a 


4-cliloroplienyl 


CH2NHOCH3 


Me 


206 ±41 


93 


83a 




CI!20CH(CHi)2 




3210 ± 120 


60 


84ab<' 


3-pyndyl 


01-1 


Me 


123 


80 


8Sa 






Et 


4760 ± 370 


40 
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Table 8. Binding Data for Selected Compounds 



25.4 ± 2 
22.8 ± 6. 
38 ±9 



8± 1. 
32.1 ±8. 

20.1 ± 1. 

14.2 ± 2. 

53.3 ± 5. 
38.2 ± 8. 

no±3; 

6.3 ± 1 
71.2±11 

6.4 ± 1. 



257 ± 16 
172 ± 76 

128 ±55 



221 ± 17.3 

63.8 ± 26.2 
132 ±8 
225 ± 34 
171 ±29.3 

64.5 ± 11.6 

60.9 ±2.1 
137 ±20.3 

1820 ±320 



° Mean values for agonists (SEM, « > 3). * Efficacy relative to 10 ^M 
dopamine (100%). "3:1 mixture of E:Z isomers. ''2:1 mixture of Z:E 
isomers. 



good D4 agonist. On the other hand, the Z-onc-methylene linker 
analogue 731) .sliowed potency comparable to its £'-two- 
methylene linker (24a) and three-methylene linker (75a) coun- 
terparts, although the efficacy was significantly lower. The E-0- 
methyl analogue 74a had low potency (EC50 = 4.29 /<M) and 
efficacy of 26% in comparison to the same stereo-related 
Z-isomers of two- and three-inethylene linker analogues, 58b 
and 76b, respectively. The Z-isomer 74b showed potency and 
efficacy almost as good as two-methylene linker compound 
58a). The three-methylene linker 0-methylated analogues had 
almost the same jiotency and efficacy regardless of Z or E 
stereochemistry, and in addition 76b showed D2 agonist activity 
in FLIPR (ECm) = 366 nM and % E = 65). In conclusion, the 
two-methylene linker was confimied to be the most optimal 
linker for further evaluation. 

Evaluation of substitution of the two-methylene linlcer was 
the final step of optimization (see Table 7). The substitution of 
a-carbon of the linker of 2-oxime (equivalent to the E-isomer 
with unsubstituted linker) with a hydrogen donor, like hydroxy 
or amino groups, preserved or even slightly improved the 
efficacy of compounds (for example, 77b and 82a vs 59a or 
79b vs 22a), Protection of hydroxy group and eliminating the 
possible internal hydrogen bonding resulted in lower potency 
as well as efficacy (ibr example, 78a vs 77a and 78b vs 77b, 
or 80a vs 79a and 80b vs 79b). The other non-hydrogen donor 
siibstituents also caused a loss of both potency and efficacy 
(81 ab, 83a vs S9a), confirming that hydrogen donors in 
a-position might stabilize the more active oxime contbrmation 
by internal hydrogen bonding. The a-hydroxy analogue of aryli 
3-pyridine 84ab, however, sliowed almost 4-fold loss of potency 
comparing to the deshydroxy analogue 68ab, even if the efficacy 
was preserved. Connecting the (x-substituent to the phenyl ring 
to form 3,4-dihydro-2//-naphthalen-l-one analogue 85a led to 
dramatic loss of potency and efficacy (EC5Q = 4760 nM and % 
E = 40). More SAR studies in substitution of both a- and 
/^-carbons of the linker, as well as separation of chiral isomers, 
are necessary to fully evaluate the effect of linker substitution 
on the selectivity and activity of oxime-based D4 agonists. 



" Mean values for binding affinity with D4-selective agonist radioligand 
[»H]-A-369508''<' (SEM, n > 4). » Mean values for binding affinity with 
D2-like agonist radioligand ['"IJ-PIPAT (SEM, n > 4). 



Compounds were tested for .D2 ftmctional agonist activity to 
detennine functional D2/D4 subtype selectivity, since the D2 
agonist activity was associated with the emetic effects of 
apomorphine.''''''' Coexpression of D21. receptor with chimeric 
GOqos ill HEK-293 cells allowed determination of functional 
selectivity against D2U receptor and in identifying both agonists 
and antagonists.-" None of the tested compounds showed D2 
agonist (EC50 > 10 ,£(M) or antagonist (IC50 > 1 0 fiM) activities 
in this assay. 

Since tested compounds showed no iunctional D2 agonist 
activity and no ftmctional Di antagonist activity, the selected 
compounds were also further evaluated in D4 and D2 binding 
assays to ftirther define D2/D4 selectivity. D2-like agonist 
radioligand ['"I]-PIPAT was utilized to determine binding 
affinity for selected oxime-based agonists at human D2L receptor. 
The results are shown in Table 8. The fact that compounds have 
affinity for D21., receptor but showed no efficacy is not new. 
Kenakin and Onaran'"' already discussed this lack of correlation 
between affinity and efficacy. 

As seen in Table 9, only a few analogues, 17a, 53a, 54b, 
61b, and 68ab, showed good D2/D4 selectivity based on binding 
affmities. In general, the series showed modest binding selectiv- 
ity over D2 receptor. Compounds with the 4-piperidine core 
(70a,b) were less selective on the basis of the D2 binding assay, 

A number of compounds with good D<i activity in FLIPR 
were selected for in vivo testing in a rat penile erection model. 
In this model,"' rats (n = 8-30) are observed over a 60 min 
period with and without the drug, and the number of incidence 
of erections is reported. The results are reported in Table 9, 
The compounds 59a and 64a showed the most robust activity 
in rat penile erection inodel. The compounds were as effective 
as the most efficacious dose of apomorphine (0. 1 /<.raol/kg), and 
59a was 3 times more potent than apomoiphine in this model. 
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Table 9. In Vivo Proerectilc Activity of Selected Oximes» 



























apomorphine 


0.1 




85 


2 


0.3 




79 


17a 


0.3 




60 










32a 


0^3 




55 


S8a 


0.3 




50 


59n 


0.03 




85 


61a 


0.1 




68 


64a 


1.0 




85 


65ii 


0.3 




76 


67a 


0.1 




68 




0.3 




77 


" The conipoimds were administered subcutaneously. 




Table 10. Pharmacokinetic Profiles of S9n, 64a, and 17a 








dog 


compd dose," 1 n 


ig/kg f^.L/kg 7-„;,h 


F,% K,), L/kg Tu^h F,% 


59a so 




94.8 4.8 




59a po 




16.3 






8.2 nt* 


nt 3.8 




64a po 


UC 


18.6 


6.1 42.9 


1 7a sc 


1.0 0.8 






17a po 


UC 


0.0 


UC 0.0 


" Compound wf 


us administered subcutaneously (sc) or 


orally (po). ''Not 



tested. 

Clozapine [3 //.mol/kg, administered inlraperitoneally (ip)] and 
haloperidol (1 /iitiol/kg, ip) blocked the erectogenic ef'l'ect of 
59a but domperidone (10 ,«niol/kg, ip) did not. These data 
indicate that the effect is mediated via central dopaminergic 
mechanism, since the peripheral dopamine antagonist domp- 
eridone did not block the procrectile effect of S9a. 

The most potent compounds in vivo were further evaluated 
in rat and dog to determine pharmacokinetic piolilcs (Table 1 0). 
Compounds 59a and 64a were found to be orally bioavailable 
in rat and dog alter 1 mg/kg dose. Compound 59a showed /-' = 
16.3% and Tm > 2 h in rat and F = 39.8% and 'l\a ^ 6 h in 
dog, whereas 64a showed F = 18.6% in rat and /■' = 42.9% 
with Tm in dog the same as for 59a. Both 0-alkylo.ximes were 
characterized by high volumes of distribution values: Vp = 4.3 
and 8.2 L/Icg for 59a and 64a, respectively in rat and Vp = 4.8 
L/kg for 59a and 3.8 L/kg for 64a, respectively, in dog. For 
comparison, the Fp value of oxirae 17a was only 1.0 L/kg in 
rat and 1,8 L/kg in dog. The higher volumes of distribution of 
59a and 64a than 17a are reflected in the longer elimination 
half-lives of 0-methyloximes. In conchision of phannacokiiietic 
shidies, O-allcyloximes showed good oral bioavailability (~40%) 
and good half-life (T\a > 6 h) in dog. 

Compound 59a, a representative of the oxime series, was 
evaluated for cardiovascular and CNS effects. Compound 59a 
was administered in anesthetized rats and achieved over 750 
times the estimated efficacious plasma concentration (1.6 ng/ 
mL in rat PE model) without any sustained dose-related effects 
on mean arterial pressure, heart rate, or hindquarters vascular 
resistance. Compoimd 59a showed 14.7% prolongation of canine 
cardiac Purkinje fiber repolarization at 100 times the efficacious 
plasma level. 

No CNS side effects were observed in mouse Irvin test up to 
10 /tmol/kg (>2000 times the efficacious dose). Low hypoac- 
tivity, piloerection, ptosis, and hypothermia were observed at 
10 /*moI/kg. 

Since D2 agonism was associated with the emetic activity of 
apomorphine, ferrets were used to evaluate the emetic potential 
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of oxime series. The representative compound 59a did not elicit 
emesis in fenets at any tested dose (0.03 ~3 /^mol/kg after 
subcutaneous administration), confintiing the lack of agonist 
activity at Di receptors. 

Conclusion 

In conclusion, we demonstrated a successful introduction of 
a methyleneoxime functionality that led to a novel class of 
dopamine D,t receptor agonists. These compounds showed veiy 
good agonist potencies and high efficacies at D4 receptor. 
Among all of the 4-arylpiperazines tested, the highest potency 
and efficacy was observed for 4-pyridin-2-yl-piperazine ana- 
logues. The 1 ,4-disubstituted piperaziue analogues and two- 
methylene linker between oxime and piperazine provided the 
most potent and efficacious agonists. Selected compounds 
showed good pharmacokinetics and good in vivo activity in the 
rat penile erection model. Consequently, 59a and oxime series 
represent an exciting lead for developing the next generation 
of dopamine D4 receptor agonists, potentially useful in treatment 
of erectile dysilinction and other CNS indications. 

Experimental Section 

Clieniistry General. Melting points were taken on a Thomas- 
Hoover melting apparatus and are imconected. 'H NMR spectra 
were recorded on a Nicolet Qli-300 (300 MHz) instrument with 
Me^Si (TMS) as the internal standard; chemical shifts are expressed 
in parts per million (ppni) reladve to TMS in 6 units. Mass spectra 
were obtained with a Hewlett-Packard HP5985 or Fimiigan 
SSQ7000 spectrometer by use of different techniques such as 
desoiption chemical ionization (DCl), eleclrospray ionization (ESI), 
or atmospheric pressure chemical ionization (APCI) as specified 
for individual compounds. X-ray crystallography was taken on a 
.PS4 Siemens apparatus with CCD detector. Microanalyses were 
pertbrmed by the Robertson Microlit Laboratories, Inc., Madison, 
NJ. Unless otherwise specified, all solvents and reagents were 
obtained from commercial suppliers and used without further 
purification. 

A/-Arylpiperaziiies were commercially available except for 
3-methyl-l-(pyridin-2-yl)piperazine, the synthesis of which will be 
described. 

General Procedure for Preparation of l-Aryl-3-(4-aryIpipcr- 
azin-l-yl)propa^-l-one Oximcs or 0-Alkyloximes: Method A. 

1 -Aryl-3-(4-arylpiperazin- 1 -yl)-] -ethanone analogues were prepared 
as described in the literature.-'" To a mixture of A'-arylpiperazine 
(7 mmol), 1-aiylethanone (10 mmol), and paraformaldehyde (10 
mmol) in 2-propanol (20 mL) was added slowly concentrated HCl 
(23 mmol) through the top of the condenser, and the resulting 
reaction mixture was relluxed for 12-24 h. The reaction was cooled 
and concentrated under reduced pressure, and the residue was 
treated carefully with saturated solution of NaHCO.?, It was then 
extracted with ethyl acetate, washed with brine, dried with 
anhydrous MgS04, and concentrated under reduced pressure. The 
oily residue was passed through a short pad of silica gel. with ethyl 
acetate as eluent to afford a roughly purified ketone, which was 
used directly to the next step. 

Crude l-aryl-3-(4-arylpiperazin-l-yl)propan-l-one (~1 mmol) 
was dissolved in pyridine (10 mL) and treated with hydroxylaraine 
hydrochloride (2 mmol) or 0-alkylhydroxylamine hydrochloride 
for 12 h at ambient temperature. The reaction mixture was 
concentrated under reduced pressure, and the residue was treated 
with saiurated solution of NaHCOs and extracted with ethyl acetate. 
The acetate layer was washed with brine, dried with anhydrous 
MgSO^, and concentrated under reduced pressure. The residue was 
purified by column chromatography with ethyl acetate as eluent 
for free oximes and methylene chloride/acetone 4:1 in the case of 
0-alkyloxiraes to provide the desired compounds. 

General Procedure for Preparation of l-Aryl-3-(4-arylpipcr- 
azin-1-yl)propan-1-one 0-A!kyIoximes: Metliod B. Crude 1-Aryl- 
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3-(4-arylpipeiazin-l-yl)propaii-l-one oxirae (1 mmol) was dissolved 
in tert-butyl alcohol (15 niL) and treated witli powdered potassium 
/-buloxide (1 mmol). The mixture was refluxed for ~30 min until 
the solution became clear. It was then cooled to ambient temper- 
ature, alkyl halide (1 inmol) was added, and the new mixture was 
refluxed for an additional 1 h. The solvent was then removed under 
reduced pressure and the residue was purified by column chroma- 
tography (silica gel, 4: 1 methylene chloride/acetone as eluent) to 
provide the desired O-alkyloxiraes. 

General Procedure for Preparation of l-Aryl-3-(4-aryIplper- 
azin-l-yl)propan-l-one Oximes or 0-Alkyioximes from 3-Aryl- 
l-cIiloro-3-propanones: Method C. A mixture of l-aryl-3-chloro- 

1- propanones (5 mmol) and A'-arylpiperazine (10 mmol) in toluene 
(35 mL) was refluxed for 8-16 h. The reaction was cooled to 
ambient temperature, and the solid was filtered otfand washed with 
toluene. The filtrate and washings were combined and concentrated 
under reduced pressure. The residue was treated with hydroxylamine 
hydrochloride (10 mmol) or O-alkylhydroxylamine hydrochloride 
( 1 0 mmol) in pyridine (25 mL) for 1 2- 1 6 h. The solvent was then 
removed under reduced pressure and the residue was purified by 
column chromatography. 

Method D. A'-Arylpiperazine (10 mmol), l-aryl-3-chloro-l- 
propanones (10 mraol), and anhydrous potassium carbonate (10 
mmol) were combined in DMF (25 mL), and the resulting mixture 
was heated at 40 °C for 14 h. It was then poured into water and 
extracted with ethyl acetate. The acetate extract was washed with 
wtiter and with brine, dried with anhydrous MgSO.f, and concen- 
trated under reduced pressure. The residue was treated with 
hydroxylamine hydrochloride (10 mmol) or O-alkylhydroxylamiue 
(10 mmol) as described for method C. 

(iJ)-3-(4-Pyridin-2-ylpipcrazin-l-yl)-I-(/w-tolyl)propan-l- 
one Oxime (22n). Compound was prepared from l-(/«-tolyl)- 
ethanone, l-pyridin-2-ylpiperazine, and hydroxylamine hydrochlo- 
ride by ethod A in 64% overall yield: mp 146- 147 °C; 'H NMR 
(300 MHz, DMSO-rffi) 6 2.33 (s, 3H), 2.50 (ra, 6H), 2.92 (m, 2H), 
3,45 (t, ./ = 6 Hz, 4H), 6.62 (dd, .1=1 and 4.5 Hz, IH), 6.80 (d, 
J=9 Hz, IH), 7.18 (d, ,/ = 6 Hz, IH), 7.28 (t, J = 7 Hz, 111), 
7,48 (m, 3H), 8. 10 (dd, ,/= 4.5 Hz, 3 Hz, 1 H); MS (DCl/NH,) miz 
325 (M + H)+. Anal. Calcd (C,<,lL,4N4O-0.1 HnO): C, H, N, 

(jE)-l-Plionyl-3-(4-pyridin-2-yIpiperazin-l-yl)propan-l-ouc 
Oxime (17a) and (Z)-l-Phcnyl-3-(4-pyridin-2-ylpipcrazin-l-yl)- 
propan-l-one Oxime (17b). Compounds were prepared from 
3-chIoro-l-phenylpropan-l-one, l-pyridin-2-ylpiperazine, and hy- 
droxylamine hydrochloride by method D in 55% and 10% overall 
yield, respectively, ^-isomer: mp 169-170 °C; 'H NMR (300 
MHz, DMSO-c/s) d 2.50 (m, 6H), 2.95 (t, ,/ = 7 Hz, 2H), 3.42 (t, 
./ = 4.5 Hz, 4H), 6.6 1 (dd, .1=1 and 4 Hz, 1 H), 6,80 (d, .1 = 9 Hz, 
IH), 7.22 (t, .1 = 9 Hz, 2H), 7.39 (m, 3H), 7.5 1 (m, !H), 7.65 (m, 
2H), 8.10 (m. 111), 1 1.13 (s. Hi); MS (DCI/NHj) mh 311 (M + 
H)+. Anal. Calcd (C|8H22N,,O-0.25H2O): C, H, N. Z-isomer: mp 
130-132 °C; 'HNMR (300 MHz, DMSO-rff,) f5 2.40 (m, 4H), 2.70 
(t, y = 7 Hz, 2H), 3.35 (m, 211), 3.42 (m, 4H), 6.61 (dd, .1 = 1 and 
4 Hz, IH), 6,79 (d, J =9 Hz, IH). 7.40 (m, 6H), 8.09 (ra, IH), 
10.58 (s, IH); MS (DCI/NHj) m/z 31 1 (M + H)+. 

(£)-l-(2-ChIoroplienyl)-3-(4-pyridin-2-ylpiperazin-l-yl)pro- 
pan-l-oiie Oxime (18a) and (i)-l-(2-ChlorophenyI)-3-(4-pyridin- 

2- ylpiperazin-l-yl)propan-l-one Oxime (18b). Compounds were 
prepared from l-(2-chlorophenyl)ethanone, l-pyridin-2-ylpipera- 
ziue, and hydroxylamine hydrochloride by method A in 43% and 
15% overall yield, respectively. 18a: mp 161-162 °C; 'H NMR 
(300 MHz, DMS0-f4) 8 2.35 (t, / = 4 Hz, 4H), 2.40 (t, J = 7 Hz, 
2H), 2.93 (t, ,/ = 7 Hz, 211), 3.35 (t, ./ = 4 Hz, 4H), 6.62 (dd, .1 = 
7 and 4 Hz, IH), 6.77 (d, J= 7 Hz, IH), 7.39 (m, 3H), 7.49 (m, 
2H), 8.08 (ra, IH), 1 1.26 (s, IH); MS (ESH-) mIz 345 (M + H)+; 
MS (ESI-) mIz 343 (M - IT)". Anal. Calcd (CigHsiClN^O- 
0,]5H2O): C, H, N. 18b: mp 155-157 °C; 'H NMR (300 MHz, 
DMSO-rff,) d 2,40 (t, .7 = 4 Hz, 6H), 2.64 (t, J=l Hz, 2H), 3.40 
(t, y = 4 Hz, 4H), 6.62 (dd, J=l and 4 Hz, IH), 6.77 (d, J = 7 
Hz, IH), 7.25 (m, IH), 7.34 (m, 211), 7.48 (m, 2H), 8.08 (m, IH), 
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10.65 (s, IH); MS (ESI+) mIz 345 (M + H)+; MS (ESI—) mIz 
343 (M-H)-. Anal. Calcd (CisH2iClN40): C, H; N calcd 16.25, 
found 17.75. 

(£)-3-(4-Pyridin-2-ylpiperazin-l-yl)-l-(o-tolyl)propan-l-one 
Oxime (19a) and (Z)-3-(4-Pyiidin-2-ylpiperazin-l-yl)-l-(«-toIyl)- 
propaii-l-one Oxime (19b). Compounds were prepared from l-(o- 
tolyl)etlianone, 1 -pyridin-2-ylpiperazine, and hydroxylamine hy- 
drocWoride by method A in 49% and 16% overall yield, respectively. 
19a; mp 108-110 °C; 'H NMR (300 MHz, DMSO-o'd) 6 2.28 (s, 
3H). 2.38 (m, 6H), 2.86 (t, y = 7 Hz, 2H), 3,37 (t, 7 = 4 Hz, 4H), 
6.62 (dd, / = 7 and 4 Hz, IH), 6.77 (d. y = 7 Hz, IH), 7.22 (m, 
6H), 7.49 (m, 111), 8.08 (m. IH), 11.00 (s, IH); MS (ESH-) mIz 
325 (M 4- H)+; MS (ESr) mIz 323 (M - H) . Anal. Calcd 
(Ci9H,4N40): C,H,N. I9b: rap 128-130 °C; 'H NMR (300 MHz, 
DMSO-c/e) 6 2.20 (s, 3H), 2.40 (m. 6H), 2.64 (t, J = 7 Hz, 2H), 
3.40 (t, J = 4 Hz, 4H), 6.62 (dd, J = 7 and 4 Hz, 1 II), 6.77 (d, J 
= 7 Hz, 111), 7.10 (m, IH), 7.20 (m, 311), 7.50 (m, HI), 8.08 (ra, 
HI), 10.48 (s, HI); MS (ES1+) mIz 325 (M -f H)+; MS (ESI-) 
mIz 323 (M - H)", Anal. Calcd (C,<,H24N40): C, H, N. 

(/0-l-(3-FliioropIienyl)-3-(4-pyridin-2-ylpiperazHi-l-yl)propan- 
1-onc Oxime (20a). Compound was prepared from 1 -(3-fluorophe- 
nyl)ethanone, l-pyridin-2-ylpiperazine, and hydroxylamine hydro- 
chloride by method A in overall 45% yield: mp 152—153 °C; 'H 
NMR (300 MHz, DMSO-t/t) f5 2.50 (m, 6H), 2.94 (m, 2H), 3.22 
(t, J = 4 Hz, 411), 6.61 (dd, ,/ = 7 and 4 Hz, IH), 6.80 (d, / = 7 
Hz, 111), 7,20 (ra, IH), 7.46 (m, 4H), 8.09 (m, IH), 11.42 (s, IH); 
MS (ES1+) mIz 329 (M + H)+; MS (ES1-) mIz 327 (M - H)-. 
Anal. Calcd (C,8H2iFN4O-0.25H2O); C, H, N. 

(Z;>l-(3-Chlorophenyl)-3-(4-pyridln-2-yipiperazin-l-yI)pro- 
pan-l-onc Oxime (21a). Compound was prepared from l-(3- 
chlorophenyl)ethanone, l-pyridin-2-ylpiperazine, and hydroxy- 
lamine hydrochloride by method A in overall 42%> yield: rap 139- 
140 °C; 'H NMR (300 MHz, DMS0-4i) 6 2.50 (ra, 6H), 2.94 (m, 
2H), 3.22 (t, J = 4 Hz, 4H), 6.61 (dd, J = 7 and 4 Hz, HI), 6,80 
(d. ./= 7 Hz, IH), 7.43 (m, 2H), 7.50 (ra, IH), 7.60 (m, HI), 7.67 
(m, IH), 8.10 (ra, IH), 11.44 (s, IH); MS (ES1+) mIz 345 (M + 
H)-!-; MS (ES1-) mh 343 (M - 11) . Anal. Calcd (Ci8ll,|ClN40): 
C, H, N. 

3-|l-Hydroxyimino-3-(4-pyridin-2-ylpiperazin-I-yl)pn)pyl|- 
benzonitrile (23a). Compound was prepared from 3-acetylben- 
zonitrile, 1 -pyrid-2-ylpiperazine, and hydroxylamine hydrochloride 
by method A in overall 20% yield: mp 147-149 "C; 'H NMR 
(300 MHz, DMSO-c/t) 6 2.48 (m, 6H), 2.96 (t, .1=1 Hz, 211), 
3.22 (t, J = 4 Hz, 4H), 6.61 (dd, .7=7 and 4 Hz, HI), 6.80 (d, / 
= 7 Hz, IH), 7.46 (m, IH), 7.60 (t, ./ = 7 Hz, IH), 7.82 (m, IH), 
8.00 (m, 1 H), 8,09 (m, 2H), I 1 .60 (.s, 1 H); MS (BS1+) mIz 336 (M 
+ H)+; MS (ES1-) mIz 334 (M - H) \ Anal. Calcd (C,9H2|N50- 
0,2EtOAc): C, H, N. 

(/?)-l-(4-Fluorophenyl)-3-(4-pyridiH-2-ylpipcrazin-l-yl)propan- 
1-one Oxime (24a). Compound was prepared from 3-chloro-l-(4- 
fluorophenyl)-l-propanone, l-pyridin-2-ylpiperazine, and hydrox- 
ylamine hydrochloride by method D in overall 57% yield: mp 159- 
160 °C; 'H NMR (300 MHz, DMSO-rff,) 6 2.50 (m, 611), 2.93 (m, 
2H), 3.43 (t, J = 4.5 Hz. 4H), 6.61 (dd, 7 = 9 and 6 Hz, IH), 7.80 
(d, J = 9 Hz, IH), 7.22 (t, J =9 Hz, 2H), 7.51 (ra, IH), 7.70 (ra, 
2H), 8,10 (m, IH), 11.26 (s, 111); MS (DCI/NH3) mIz 329 (M + 
H)+. Anal. Calcd (Ci8H21.FN4O-O.5H2O): C, H, N. 

(£)-l-(4-Chlorophenyl)-3-(4-pyridin-2-ylpiperazin-l-yl)pro- 
pan-l-one Oxime (25a). Compound was prepared from 3-chloro- 

1 - (4-chlorophenyl)propan- 1 -one, l-pyridin-2-ylpiperazine, and hy- 
droxylamine hydrochloride by method C in overall 61 % yield: mp 
188-190 °C; 'H NMR (300 MHz, DMS0-<4) (5 2.50 (m, 6H), 2.93 
(ra, 2H), 3.43 (t, J = 4.5 Hz, 4H), 6.61 (dd, 7 = 7 and 4 Hz, IH), 
6.80 (A.J = 9 Hz, IH), 7.50 (in, 3H), 7.66 (m. 2H), 8.10 (m, IH). 
11.38 (s, IH); MS (DCI/NH3) mIz 345 (M + H)+. Anal. Calcd 
(C,8H.|C1N40): C, H, N. 

(£)-l-(3,5-Difluorophenyl)-3-(4-pyridin-2-ylpipcrazin-l-yl)- 
propan-l-one Oxime (26a) and (Z)-l-(3,5-Difluoroplienyl)-3-(4- 
pyridin-2-ylpiperazin-l-yl)propan-l-one Oxime (26b). Com- 
pounds were prepared fi-om ]-(3,5-difluorophenyl)ethanone, 1-pyiidin- 

2- ylpiperazine, and hydroxylamine hydrochloride by method A in 
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overall 38% and 5% yield, respectively. 26a: mp 150—151 °C; 
41 NMR (300 MHz, DMSO-rf^) 6 2.50 (m, 611), 2.95 (t, J = 7 Hz, 
2H), 3.24 (t, ,/ = 4 Hz, 4H), 6.62 (dd, ./ = 7 and 4 Hz, IH), 6.80 
(d,,/= 7 Hz, IH), 7.25 (ra, IH), 7.34 (m, 2H), 7.46 (m. IH), 8.09 
(m, IH), 1 1 .60 (,s, 1 H); MS (ES1+) miz 347 (M + H)+; MS (ESI-) 
miz 345 (M - H) \ Anal. Calcd (CgHooF.rN^O): C, H, N. 26b: 
mp 123-126 °C; 'H NMR (300 MHz, DMSO-t/f,) d 2.42 (m, 4H), 
2.50 (m, 2H), 2.70 (t, J = 7 Hz, 2H), 3.42 (t, J = 4 Hz, 4H), 6.62 
(dd, ./ = 7 and 4 Hz, IH), 6.80 (d, .7=7 Hz, IH), 7.20 (m, 3H), 
7.50 (m, HI), 8.09 (m, IH), 10.90 (s, IH); MS (ESI+) mh 347 (M 
+ H)+; MS (ES1-) miz 345 (M - H) 

(£)-l-(3,5-Dimethylphei)yI)-3-(4-pyridin-2-ylpiperazhi-l-yl)- 
propan-l-one Oxirae (27a). Compound was prepared from l-(3,5- 
dimethylphenyl)ethanone, l-pyridin-2-ylpiperazine, and hydroxy- 
lamine hydrochloride by method A in overall 67% yield: mp 127- 
128 °C; 'H NMR (300 MI-Iz, DMSO-c/fi) 6 2.28 (s, 6H), 2.50 (m, 
6H), 2.95 (ra, 2H), 3.24 (t, ,7 = 4 Hz, 4H), 6.62 (dd, ./ = 7 and 4 
Hz, IH), 6.80 (d, .7 = 7 Hz, IH), 7.00 (m, 1 11), 7.24 (m, 2H), 7.46 
(m. Hi), 8.09 (ni, IH), 1 1.12 (s, IH); MS (ES1+) rnh 339 (M. + 
H)+-; MS (ES1-) miz 337 (M ~ H) . Anal. Calcd (C.oH2f,N40): 
C, H, N. 

(£')-l-(2,4-Dinuorophenyl)-3-(4-pyridin-2-ylpiperaziii-l-yl)- 
propan-l-one Oxiine (28a). Compound was prepared From l-(2,4- 
difluorophenyOethanone, l-pyridin-2-ylpiperazine, and hydroxy- 
lamine hydrochloride by method A in overall 23% yield: mp 1 15— 
117 "C; 'H NMR (300 MHz, DMSO-t/t;) 6 2.48 (ra, 6H), 2.93 (t, 
y = 7 Hz. 2H), 3.32 (m. 4H), 6.62 (dd, ,7=7 and 4 Hz, 1 H), 6.78 
(d,y=7Hz, IH), 7.10(m, IH), 7.27 (m, IH), 7.50 (m, 2H), 8.07 
(m, IH), II. 40 (s, HI); MS (ESI+) miz 347 (M + 11)+; MS (ESI-) 
mh 345 (M - H)-. 

(ii')-l-(2-Benzyloxy-5-incthylpheiiyl)-3-(4-pyrUlin-2-ylpiper- 
azin-l-yl)pi opan-l-one Oximc (29a) and (2)-l-(2-Benzyloxy-5- 
mcthylphenyl)-.3-(4-pyiidin-2-yIpiperazin-l-yl)propan-l-oneOxinie 
(29b). Compounds were prepared from l-(2-beuzyloxy-5-metli- 
ylphenyl)ethanone, l-pyridin-2-ylpiperazine, and hydroxylamine 
hydrochloride by method A in 61% and 12% overall yield, 
respectively, 29a: rap 176-177 °C; 'HNMR (300 MHz, DMSO- 
^6) (5 2.22 (s, 3H), 2.28 (t, ./ = 4 Hz, 4H), 2.37 (t, ./ = 7 Hz, 2H), 
2.81 (t, /= 7 Hz, 2H), 3.35 (t, .7 = 4 Hz, 4H), 5.21 (s, 2H), 6.61 
(dd, J=l and 4 Hz, IH), 6.77 (d, J = 7 Hz, IH), 7.0! (m, 2H), 
7.12 (m. III), 7.40 (m, 5H), 7.50 (m, IH), 8.10 (ra, IH), 10.94 (s, 
HI); MS (ES1+) miz 431 (M + H)+; MS (ESI-) miz 429 (M - 
H)-. Anal. Calcd (C2f,H,.iN40:): C, H, N. 29b: mp 149-152 °C; 
'H NMR (300 MHz, DMSO-Jg) 2.22 (s, 3H), 2.38 (m, 6H), 2.60 
(I, ./ = 7 Hz, 2H), 3.40 (t, ,7 = 4 Hz, 4H), 5.05 (s, 2H), 6.61 (dd, 
J=7 and 4 Hz, IH), 6.77 (d, J = 7 Hz, IH), 6.92 (m, IH), 7.00 
(ra, IH), 7.08 (m. HI), 7.38 (m, 5H), 7.50 (m, IH), 8.08 (ra, IH), 
10.38 (s, HI); MS (ESI+) miz 431 (M + H) '-; MS (ES1-) miz 
429 (M - H)". 

(£■)-! -(2-Hydroxy-5-methylpbenyl)-3-(4-pyiidin-2-ylpipcrazin- 
l-yl)propan-l-onc Oxime (30a), (£> 1 -(2-Benzyloxy-5-methylphe- 
nyl)-3-(4-pyridin-2-ylpiperazin-l-yl)propan-l-one oxime (86 nig, 
0.2 mmol) was treated with 33% HBr/AcOH at room temperature 
for 4 h. The mixture was then concentrated under reduced pressure 
and the residue was treated with saturated NallCOj. The product 
was extracted with EtOAc and dried over anhydrous .MgS04. 
Concentration under reduced pressure and chromatography (EtOAc 
as eluent) provided 25 mg (37%) of product: mp 157-158 °C; 'H 
NMR (300 MHz, DMSO-i/e) 6 2.22 (s, 3H), 2,55 (m, 6H), 3.00 (t, 
J=7 Hz, 2EI), 3.46 (t, / = 4 Hz, 4H), 6,62 (dd, .7=7 and 4 Hz, 
IH), 6.77 (d, J= 7 Hz, IH), 6.82 (d, J= 7 Hz, HI), 7.03 (m, Ul), 
7.25 (m, Hi), 7.50 (m, HI), 8.10 (m. Hi), 11.01 (s. HI), 11.50 (s, 
HI); MS (ESI+) miz 341 (M + H)+; MS (ESI-) miz 339 (M - 
H)". Anal. Calcd (C|9H24N.,02): C, H, N. 

(C)-l-Phenyl-3-(4-pyridin-2-ylpiperazin-l-yl)propan-l-()ne O- 
Methyloxime (31a) and (J?)-l-Phenyl-3-(4-pyridin-2-ylpipet azin- 
l-yl)propan-l-one O-Methyloxirae (31b). Compounds were pre- 
pared from 3-chloro-l-phenylpropan-l-one, l-pyridin-2-ylpiperazine, 
and O-methylhydroxylamine hydrochloride by method D in 47''/o 
and 19% overall yield, respectively. 31a maleate salt: mp 142- 
144 "C; 'H NMR (300 MHz, DMSO-c/s) (5 3.20 (m, 12H), 3.98 (s. 
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3H), 6.08 (s, 2H), 6.73 (dd, J = 7 and 4 Hz, HI), 6.95 (d, J = 9 
Hz, Hi), 7.45 (m, 3H), 7.60 (m, HI), 7.70 (m, 211), 8.16 (m. Hi); 
MS (DCI/NH,) miz 325 (M + H)+. Anal, Calcd (C,,jH,4N.,0- 
C,H40,4): C, H, N. 3 lb maleate salt: mp 96-98 "C; 'H NMR 
(300 MHz, DMSO-t/(,) <5 2,97 (m, 2H), 3.30 (m, lOH), 3.79 (s, 
3H), 6.08 (s, 2H), 6.74 (dd, J = 7 and 4 Hz, IH), 6.94 (d, J = 9 
Hz, IH), 7.45 (ra, 5H), 7.60 (m, IH), 8,16 (m, IH); MS (DCI/ 
NHj) miz 325 (M + II)+, Anal. Calcd (C|.jH,4N40-C,4H404' 
O.25H2O): C, H, N. 

/f-l-Phenyl-3-(4-pyridin-2-ylpiperazin-l-yl)propan-l-one O- 
Ethyloxime (32a) and Z-l-Plienyl-3-(4-pyridin-2-ylplperazin-l- 
yl)propan-l-one 0-Ethyloxime (32b). Compounds were prepared 
from a crude l-phenyl-3-(4-pyridin-2-ylpiperazin-l-yl)propan-l- 
one oxime and iodoethane by method B in 43%o and 4% overall 
yield, respectively. 32a maleate salt: mp 150-151 °C; 'H NMR 
(300 MHz, DMSO-rff,) <5 1.28 (t, ,7=7 Hz, 3H), 3.25 (m, 12H), 
4.21 (t, J=l Hz, 2H), 6.07 (s, 2H), 6.73 (dd, ./ = 7 and 4 Hz, 

I H) , 6.95 (d, J = 9 Hz, 1 H), 7.44 (m, 3H), 7.60 (m, IH), 7.70 (m, 
2Ii), 8.16 (m, I H); MS (DCI/NH,) miz 339 (M + H)+. Anal. Calcd 
(C2oH2sN40-C4H404): C, H, N. 32b: oil; 'H NMR (300 MHz, 
DMSO-t/fc) (5 1.13 (t, ,7=7 Hz, 3H), 2.41 (m, 611), 2.70 (t, .7=7 
Hz, 2H), 3.42 (t, ,/ = 4.5 Hz, 4H), 3.99 (t, y = 7 Hz, 211), 6.61 (dd, 
y = 7 and 4 Hz, 111), 6.80 (d, .7 = 9 Hz, Hi), 7.40 (m, 5H), 7.70 
(m, IH), 8.09 (m, IH); MS (DCI/NH,) miz 339 (M + H)+. 

(£)-l-l»henyl-3-(4-pyridtn-2-ylpiperazin-l-yl)propan-I-one O- 
Propyioximc (33a). Compound was prepared fcom a crude 1-phen- 
yl-3-(4-pyridin-2-ylpiperazin-I-yl)propan-l-one oxiine and l-io- 
dopropane by method B in 48% overall yield: maleate salt, mp 
1 53 - 1 54 °C; 'H NMR (300 MHz, DMSO-c/e) (5 0.95 (t, J = 7 Hz, 
3H), 1 .7 1 (sextet, y = 7 Hz, 2H), 3.25 (m, 12.H), 4. 1 8 (t, y = 7 Hz, 
2H), 6.07 (s, 2H), 6.73 (dd, y = 7 and 4 Hz, IH), 6.95 (d, ,1 = 9 
Hz, IH), 7.44 (ra, 311), 7.60 (ra, HI), 7.70 (m, 2H), 8.16 (m, IH); 
MS (DCI/NH,) miz 353 (M i- H)+. Anal. Calcd (CiHisN^O- 
C4H4O.,): C, H. N. 

(/i)-l-Phcnyl-3-(4-pyiidin-2-ylpipcrazin-l-yl)propan-l-oneO- 
Biit)'loxinie (34a). Compound was prepared from a cnide 1-phenyl- 
3-(4-pyridin-2-ylpiperazin-l-yl)propan-l-one oxime and 1-iodob- 
utane by method B in 27% overall yield: maleate salt, mp 154- 
155 °C; 'II NMR (300 MHz, DMSO-c/,-,) (5 0.95 (t, .7=7 Hz, 3H), 
1.40 (sextet, J = 7 Hz, 2H). 1.68 (q, y = 7 Hz, 2H), 3.25 (m, 
12H), 4,18 (t, y = 7 Hz, 2H), 6,07 (s, 2H), 6,73 (dd, y = 7 and 4 
Hz, 1 H), 6,95 (d, y = 9 Hz, IH), 7,44 (m, 3H), 7.60 (m, IH), 7.70 
(ra, 2H), 8.16 (m, IH); MS (DCI/NH3) miz 367 (,M, + H.)+, Anal, 
Calcd (C22H,„N4O-C4H4O4-0,4Ii2O): C, H, N, 

(£■)-! -Phenyl-3-(4-pyridin-2-ylpiperazin-1-yl)propan-l-one O- 
Isopropyloximc (35a). Compound was prepared from a crude 
1 -phenyl-3-(4-pyridin-2-ylpiperazin- l-yl)propan-l -one o,xinie and 

2- iodopropane by method B in 52% overall yield: maleate salt, 
mp 156-157 "C; 'H NMR (300 MHz, DMSO-c/j) d 1,28 (d, .1 = 
7 Hz, 6H), 3,25 (m, 12H), 4,42 (q, y = 7 Hz, IH), 6.07 (s, 2H), 
6,73 (dd, y = 7 and 4 Hz, IH), 6.95 (d, y = 9 Hz, IH), 7.44 (m, 
3H), 7.60 (m, IH), 7.70 (ra, 2H), 8.16 (m, IH); MS (DCyNH,) 
miz 353 (M + H)+. Anal. Calcd (C2iH28N4O-C4H4O4-0.6H2O); C, 
H, N. 

(£)-l-Phenyl-3-(4-pyridin-2-ylpiperazin-l-yl)propan-l-oneO- 
Allyloxime (36a). Compound was prepared from a crude 1-phenyl- 

3- (4-pyridin-2-ylpiperazin-l-yl)propan-l-one oxime and 3-bro- 
mopropene by method B in 51% overall yield: maleate salt, mp 
136-137 "C; 'H NMR (300 MHz, DMSO-c/e) 6 3,25 (ra, 12H), 
4.70 (m, 2H), 5.30 (ra, 2H), 6.07 (s + m, 3,4H), 6,73 (dd, J = 7 
and 4 Hz, IH), 6,95 (d, y = 9 Hz, IH), 7,44 (m, 311), 7,60 (ra, 
Hi), 7,70 (m. 2H), 8,16 (ra, 111); MS (DCI/NH,) miz 351 (M + 

II) +. Anal, Calcd (C2iH26N40- 1 ,2C4H404): C. H, N, 
[l-Plienyl-3-(4-pyridin-2-yIpipera/in-l-yl)propyIideneaminooxy|- 

acetoniti-ile (37a). Compound was prepared from a crude 1-phenyl- 
3-(4-pyridin-2-ylpiperazin-l-yl)propan-l-one oxirae and broraoac- 
etonitrile by method B in 36% overall yield: maleate salt, mp 127- 
128 °C; 'HNMR (300 MHz, DMSO-ya) (5 3,30 (m, 12H), 5,13 (s, 
2H), 6.07 (s, 2H). 6.73 (dd, y = 7 and 4 Hz, IH), 6,95 (d, y = 9 
Hz, IH), 7,50 (m. 3H), 7,60 (m. IH), 7.73 (m, 2H), 8.16 (m. Hi); 
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MS (DCI/NH,) miz 350 (M + H)+. Anal. Calcd (CjoHoaNsO- 
C4II4O4): C, H, N. 

(ii)-2-[4-(3-Hydroxyiinmo-3-phenylprQpyl)piperazm-l-yIlni- 
cotinonitrile (38a) and (ir)-2-|4-(3-Hydroxyimino-3-phenylpi o- 
pyl)piperazin-l-yl|nicotinonitrile (38b). Compounds were pre- 
pared from 3-chloro-l-pbenylpropan-l-one, 2-piperazin-l -ylnico- 
linonitrile, and liydroxylamiiie hydrochloride by method D in 66% 
and 8% overall yield, respectively. 38a: mp 168- 170 "C; 'H NMR 
(300 IVIHz, DMSO-^4) (5 2.50 (m, 2H), 2.57 (t, J = 4.5 Hz, 4H), 
2.94 (m, 211), 3.58 (t, / = 4.5 Hz, 4H), 6.91 (dd, J = 7.5 and 4.8 
Hz, 111), 7.37 (m, 3H), 7.64 (m, 2H), 8.05 (dd, J = 7.5 and 2.0 
Hz, IH), 8.40 (dd, y = 4.8 and 2.0 Hz, IH); MS (DCI/NH,) m/z 
336 (M + H)+. Anal. Calcd (CoHiiNsO): C, H, N. 381); mp 169- 
171 °C, 'H NMR (300 MHz, DMSO-ch) 6 2.46 (m, 6H), 2.69 (t, 
,/ = 7 Hz, 2H), 3.56 (t, J = 4.5 Hz, 4H), 6.91 (dd, ,7 = 7.5 and 4.8 
Hz, IH). 7.39 (m, 5H), 8.05 (dd, J = 7.5 and 2,0 Hz. IH), 8.39 
(dd, J = 4.8 and 2.0 Hz. IH); MS (DCI/NH3) m/z 336 (M + H)+. 
Anal. Calcd (Ci<,H2iN5O'0.20H2O): C, H, N. 

(£')-l-Plienyl-3-(4-pyrimidin-2-ylplperazin-l-yl)propan-l- 
one Oxime (39a) and (2)-I-Phcnyl-3-(4-pyrimidm-2-ylpiperaziii- 
I -yl)propai»-l-one Oxime (39b), Conipoimds were prepared from 
3-chloro-l-phenylpropan-I-one, 2-piperazin-l-ylpyriinidine, and 
hydroxylamine hydrochloride by method D in 44% and 4% overall 
yield, respectively. 39a'. mp 175-177 "C; 'H NMR (300 MHz, 
DMSO-rfr,) (5 2.50 (m, 6H), 2.95 (m, 2H), 3.70 (1, J = 4.5 Hz, 4H), 
6.61 (1, ,/ = 4.5 Hz, HI), 7.39 (m, 3H), 7.64 (m, 2H), 8.33 (d, ,/ = 
4,5 Hz, IH), 11.23 (.s, IH); MS (DCI/NH,) m/z 312 (M + H)+. 
Anal, Calcd (CHjiNsO-O.lSHjO): C, H; N calcd 22.30, found 
21,79, 39b; mp 159-161 "C; 'H NMR (300 MHz, DMSO-rfs) d 
2,40 (m, 6H), 2.69 (t, ./ = 7 Hz, 2H), 3.67 (t, J = 4.5 Hz, 4H), 
6,60 (t, ./ = 4.5 Hz, IH), 7.40 (m, 5H), 8.35 (d, ,/ = 4.5 Hz, IH), 
10,58 (s, IH); MS (DCl/NH.,) m/2 312 (M + H)+. 

(£')-l-Phenyl-3-(4-lhiazol-2-ylpipcrazin-l-yl)propan-l-oiic 
Oxime (40a), Compound wa.s prepared from 3-chloro- l-phenyl- 
pvopan-l-onc, l-(hicr/.ol-2-ylpiperazine, and hydroxylamine hydro- 
chloride by method D in 49% overall yield; mp 153—155 °C; 'H 
NMR (300 MHz, acetone-(4) 6 2.22 (m, 4H), 2,63 (m, 4H). 3.12 
(ra, 2H), 4.05 (m, 2H), 6,70 (d, J = 3 Hz, IH), 7,51 (d,J=3 Hz, 
IH), 7,35 (ra, 3H), 7.70 (m, 2H). MS (DCI/NH3) m/z 317 (M H- 
H)+, Anal. Calcd (C16H20N4OS): C, H, N. 

1- Phenyl-3-(4-phenyIpipcrazin-l-yI)propaii-l-one 0-£thy]- 
oxitnc (41a). Compound wa,s prepared from 3-cliioro-l-phenyl- 
propan- 1 -one, 1 -phenylpiperazine, and 0-ethyIhydroxylamine hy- 
drochloride by method D in 39% overall yield: 'H NMR (300 MHz, 
CDCI3) d 1.25 (t, J = 7 Hz, 311), 2.65 (ra, 6H), 3.03 (m, 2H), 3,21 
(m, 4H), 4.25 (q, / = 7 Hz, 211), 6.85 (m, IH), 6.95 (d, ,/ = 7.5 
Hz, 2H). 7.30 (ra, 2H). 7.44 (m, 3H), 7.65 (m, 211); MS (DCl/ 
NH,) m/z 338 (M + H)+. 41a maleate salt: mp 151-152 °C; 'H 
NMR (300 MHz, CDiOD) (5 1 .37 (t, / = 7 Hz, 3H), 3,30 (m, 6H), 
3,48 (m, 6H), 4.49 (q, J = 7 Hz, 2H), 6.24 (s, 2H), 6,92 (t, .7=7 
Hz, I H), 7.01 (d, J = 7 Hz, 2H.), 7,28 (ra, 2H), 7.42 (m, 3H), 7.70 
(m, 2H). Anal. Calcd (Cj,H27N30-C4H40,,); C, H, N, 

2- |4-(Ethoxyimino-3-phenylpropyl)piperazin-l-yl]bcnzoni- 
trile (42a). Compound was prepared from 3-chloro- 1-phenylpropan- 
1-one, 2-piperaztn-l-ylbenzonitviIe, and 0-ethylhydroxylaraine 
hydrochloride by method D in 37% overall yield, 'H NMR (300 
MHz, CDCI3) d 1,32 (t, ./= 7 Hz, 3H), 2,75 (m, 6H), 3.04 (br s, 
2H), 3.25 (br s, 4H), 4.25 (q, J 7 Hz, 2H), 7.01 (m, 2H), 7.35 
(m, 4H), 7.45 (m, IH). 7.55 (dd, J = 9 Hz, 3 Hz, IH), 7.70 (m, 
2H); MS (DCI/NH3) m/z 363 (M -I- H)+. 42a maleate salt: mp 
125-126 "C; 'H NMR (300 MHz, CD,OD) 6 1.37 (t, 7 = 7 Hz, 
3H), 3.30 (m, 6H), 3.50 (ra, 6H), 4.3 1 (q, V = 7 Hz, 2H), 6.25 (s, 
2H), 7.22 (ra, 2H), 7,42 (ra, 3H), 7.70 (ra, 4H), Anal, Calcd 
(C22H26N40-C4H404); C, H, N, 

3- [4-(2-Methoxyplienyl)piperazin-l-yl]-l-phenyIpropan-l- 
one 0-EthyIoxime (43a). Compound was prepared from 3-chloro- 
1 -phenylpropan- 1 -one, l-(2-methoxyphenyl)piperazine, and O-eth- 
ylhydroxylamine hydrochloride by method D in 44% overall yield, 
'H NMR (300 MHz, CDCI,) (5 1.33 (t, ./ = 7,5 Hz, 311), 2,74 (m, 
6H), 3.1 (m, 6H), 3.82 (s, 3H), 4.25 (q, ./ = 7.5 Hz. 2H), 6.92 (m, 
4H), 7.44 (m, 3H), 7.7 (m, 2H>, MS (DCl/NH,) m/z 368 (M -1- 



H)+. 43a maleate salt: mp 146-147 "C; 'H NMR (300 MHz, CD,- 
OD) 6 1 .37 (t, /= 7 Hz, 311), 3.29 (m, 6H), 3.86 (s, 3H), 3.49 (m, 
6H), 4,30 (q, J = 7 Hz, 2H), 6,25 (s, 2H), 7.00 (m, 411), 7,42 (m, 
3H), 7,71 (m, 2H). Anal, Calcd (Cj2H29N,02-C4H404): C, H, N, 
3-[4-(3-Mcthoxyphenyl)pipcrazin-l-yl]-l-phenylpropan-l- 
one O-EthyJoxime (44a). Compound was prepared from 3-chloro- 
! -phenylpropan- 1 -one, I -(3-methoxyphenyl)piperazine, and O-efh- 
ylhydroxylamine hydrochloride by method D in 30% overall 
yield: 'H NMR (300 MHz, DMSO-rfs) d 1 ,33 (t, ,7 = 7,5 Hz, 3H), 
2.53 (m. 6H), 2.92 (m, 2H), 3,10 (m, 4H), 3.65 (s, 311), 4,24 (q, ,/ 
= 7.5 Hz, 2H). 6.41 (m. 3H). 7.10 (t, J = 7 Hz, IH), 7.42 (m, 3H), 
7.65 (m, 2H): MS (DCl/NH,) m/z 368 (M -I- H)+. 44a maleate 
salt: mp 148-149 "C; 'H NMR (300 MHz, CD3OD) 6 1.37 (t, J 
= 7 Hz, 311), 3.30 (m, 6H), 3.48 (m, 6H), 3.77 (s, 3H), 4.30 (q, J 
= 7 Hz, 2H), 6.25 (s, 2H), 6.58 (m, 3H), 7.20 (t, J = 7 Hz, IH), 
7.43 (m, 3H), 7.72 (ra, 2H). Anal. Calcd (C22H2.jNi02'C.,H404): 
C, H, N. 

3-(4-(4-Methoxyphe»yl)piperazin-l-yl]-l-plienylpropan-.l- 
oiie 0-Ethyloxime (45a). Compound was prepared from 3-chloro- 

1 - phenylpropan- 1 -one, l-(3-methoxyphenyl)piperazine, and 0-eth- 
ylhydroxylamine hydrochloride by method D in 25%) overall 
yield: 'H NMR (300 MHz, DlVlSO-rff,) S 1 .32 (t, ,/ = 7.5 Hz, 3H), 
2.52 (m, 61-1), 3.03 (m, 6H), 3.65 (s, 3H), 4.25 (q,7= 7.5 Hz, 2H), 
6.83 (m, 4H), 7.41 (ra, 3H), 7.62 (m, 2H); MS (DCl/NH,) m/z 368 
(M -t-H)+. 4Sa maleate salt: mp 129-131 "C; 'H NMR (300 MHz, 
CD3OD) 6 1,37 (t, J = 7 Hz, 311), 3,30 (m, 611), 3.38 (m, 311), 
3,52 (ra, 311), 3,75 (s, 3H), 4,30 (q, / = 7 Hz, 2H), 6,25 (,s, 2.411), 
6,88 (d, = 9 Hz, 2H), 7.00 (d, .1 = 9 Hz, 2H), 7.43 (m, 3H), 7.71 
(m, 2H). Anal. Calcd (C22H2C(N3O2'l,2C4H4O4'0.3H2O): C, H, N. 

3-[4-(2-Etlioxyplienyl)piperaziii-l-yI]-l-phenylpropan-l-one 
O-Ethyloxlme (46a). Compound was prepared from 3-chloro- 1- 
phenylpropan-l-one, l-(3-methoxyphenyl)piperazine, and 0-eth- 
ylhydroxylamine hydrochloride by method D in 23% overall 
yield: maleate salt, mp 108-109 °C; 'H NMR (300 MHz. DMSO- 
di) d 1,30 (t, ,/ = 7 Hz, 3H), 1,35 (t, ,/ = 7 Hz, 3H), 3,25 (m, 
I2H), 4.03 (q, ,/ = 7 Hz, 2H), 4.23 (q, ./ = 7 Hz, 211), 6.03 (s, 2H), 
6.95 (m, 4H), 7,45 (m, 3H), 7,72 (m, 2H); MS (DCl/NI l,) m/z 382 
(M -f H)+, Anal. Calcd (Cj.dl.iiNjOz^^mOj): C. H, N. 

(/;>3-l4-(2-Isopropoxyphcnyl)-piperazin-l-yl)-l-phcnylpro- 
pan-J-onc 0-Ethyloximc (47a) and (^0-3-|4-(2-Isopropoxyphcn- 
yl)piperazin-l-yI|-l-phcnylpn)pan-l-one 0-Mcthy)oxime (47b). 

2- lsopropoxyaniline (3.5 g, 23 mmol) was added slowly to bis(2- 
chloroethyl)amine hydrochloride in ;)-bulanol and then refluxed for 
48 h. The reaction mixture was cooled to ambient temperature, 
treated with anhydrous NaoCOj (9 g, 85 mmol), and refluxed for 
the next 48 h. The mixture was diluted with dicholoromethane and 
treated with a solution of 3 N NaOH. The organic layer was dried 
over anhydrous MgS04 and concentrated under reduced pressure 
to give 2.3 g (63%) of crude l-(2-isopropoxyphenyl)piperazine. 
MS (DCI/NH3) m/z 221(M -I- H)+. 

The title coinpounds were prepared from 3-ehloro-l-(4-fluo- 
rophenyl)propan-l-one. l-(2-isopropoxyplienyl)piperazine, and O- 
raethylhydroxylamine hydrochloride by method D in 14% and 5% 
overall yield, respectively. 47a maleate salt: mp 141 — 143 "C; 'H 
NMR (300 MHz, DMSO-rff,) d 1.27 (d, / = 7 Hz, 611), 3.25 (m, 
I2H), 3.97 (s. 3H), 4.61 (septet, ,/ = 7 Hz, IH), 6.05 (s, 211), 6.93 
(m, 4H\ 7.30 (t, ,/ = 9 Hz, 2H), 7,77 (dd, .1 = 9 and 4 Hz, 211); 
MS (DCI/NH3) m/z 400 (M + H)+, Anal, Calcd (C23H3oFN302- 
C4H4O4): C, H, N, 47b maleate salt: mp 103-105 "C; 'H NMR 
(300 MHz, CD3OD) (5 1,34 (d, / = 7 Hz, 61-1), 3,30 (ra. 9H), 3,48 
(m, 3H), 4.03 (s, 3H), 4,63 (septet, J=7 Hz, IH), 6.05 (s, 2H), 
6.99 (m, 41-1), 7.18 (t, 7 = 9 Hz, 2H), 7.77 (dd, J=9 and 4 Hz, 
2H); MS (DCl/NHj) m/z 400 (M + H)+. 

2-[4-(3-Ethoxyimino-3-phenylpropyl)piperazin-l-ylJaicotino- 
nitrile (48a). Compound was prepared from l-phenyl-3-(4-pyridin- 
2-ylpiperazin-]-yl)propan-l-one, 2-piperazin- l-ylnicotinonitrile, and 
0-othylhydroxylamine by method D in 37% overall yield: maleate 
.salt, rap 120-121 °C; 'H NMR (300 MHz, DMS0-(4) (5 1.29 (t, 
./ = 7 Hz, 3H), 3.25 (m, 12H), 4.21 (q, ./ = 7 Hz, 2H), 6.06 (s, 
2?I), 7,03 (m, IH), 7.43 (dd, ,/ = 6 and 3 Hz, 3H). 7.70 (m, 2H), 
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8.15 (m, IH), 8.26 (m, IH); MS (DCI/NH,) miz .364 (M + H)+. 
Anal. Calcd (C2,H25N50-C4H40.,): C, H, N. 

3-|4-(3-Methylpyridiii-2-yI)piperaziii-l-yl]-l-pheiiyIpropanoii- 
1-oue O-Ethyloxime (49a). Compound was prepared from 3-chloro- 
1 -phenylpropan-l-one, l-(3-methylpiperidin-2-yl)piperazine, and 
0-ethylhydroxylamine hydrocliloride by method D in 20% overall 
yield: maleate salt, mp 132-1 34 °C; 'H NMR (300 MHz, DMSO- 
f4) 6 1.30 (t, .1=1 Hz, 3H), 2.25 (s, 3H), 3.25 (m, 12H), 4,23 (q, 
y = 7 Hz, 2H), 6.05 (s, 211), 7.00 (dd, 7 = 9 and 4 Hz, IH), 7.45 
(m, 3H), 7.55 (m, IH), 7.70 (m, 2H), 8.14 (m, 111); MS (DCl/ 
NH3) m/z 353 (M + Il)+. Anal. Calcd (C„HosN4O-C4H4O.0: C, H, 
N. 

l-Plienyl-3-(4-pyiirnidin-2-ylpiperazin-l-yl)piopanon-l-one 
0-Etliyloxime (50a). Compound was prepared from 3-chloro-.1.- 
phenylpropan-l-one, 2-piperazin-l-ylpyrimidine, and 0-ethylhy- 
droxylamine hydrochloride by method D In 40% overall yield: 
maleate salt, mp 147-148 "C; >H NMR (300 MHz, DMSO-c/s) ^ 
1.30 (t, ./ = 7 Hz, 3H), 2.25 (s, 3H), 3.25 (in, 12H), 4.21 (q, J = 
7 Hz, 2H), 6.07 (s, 211), 6.73 (m. IH), 7.44 (m, 3H), 7.68 (m. 2H), 
8.42 (d, ,/ = 6 Hz, 2H); MS (DCI/NH3) mix 340 (M + H)+. Anal. 
Calcd (C,9H25N50-C4H404): C, H, N. 

l-Phenyl-3-(4-thiazol-2-ylpipcrazin-l-yl)propanon-l-one O- 
Ethyloxinie (51a). Compound was prepared from 3-chloro-l- 
phenylpropaii-l-one, l-thiazol-2-ylpiperazine, and 0-ethylhydrox- 
ylamiue hydrochloride by method D in 17% overall yield: maleate 
salt, mp 122-124 °C; 'H NMR (300 MHz, DMSO-4,) 6 1.28 (t, 
,/ = 7 Hz, 3H), 3.25 (m, 12H), 4.21 (q, = 7 Hz, 2H), 6.07 (s, 
2H), 6.95 (m, IH), 7.22 (d, ./ = 3 Hz, 1 H), 7.45 (m, 3H), 7.70 (m, 
2H); MS (DCI/NH3) mh 345 (M + H)+. Anal. Calcd (C18H24N4- 
OS-C4H4a,): C, H, N. 

(B)-l-(2-Chlorophenyl)-3-(4-pyridin-2-ylpiperaziii-l-yl)pro- 
pan-l-one 0-Methyloxime (52a) and (Z)-l-(2-Chlorophcnyl)-3- 
(4-pyiidin-2-ylpiperazin-l-yI)propan-l-oneO-Mctliyloxinie(52b). 
Compounds were prepared from l-(2-chloropheny])ethanone, l(py- 
ridin-2-yl)piperazine, and 0-niethylhydroxylainine hydrochloride 
by method A in 29% and 28% overall yields, respectively. 52a 
maleate salt: rap 129-130 °C; 'H NMR (300 MHz. DMSO-rfc) f5 
3.30 (m, 12H), 3,93 (s, 3H), 6,09 (s, 2,8H), 6,72 (m, IH), 6,90 (d, 
J = 9 Hz, H-I), 7.50 (m, 5H), 8.15 (m, IH); MS (DCI/NH,) mIz 
359 (M +• Il)+. Anal. Calcd (C|„H2.,C1N40-1.4C4H,,04): C, H, N. 
52b maleate salt: mp 1 13-1 16 °C; Ml NMR (300 MHz, DMSO- 
c/e) 2.93 (m, 2H), 3.35 (m, 1011), 3.75 (s, 3H), 6.73 (dd, .J = 7 and 
4 Hz, IH), 6,95 (d, ./ = 9 Hz, IH), 7.32 (m, IH), 7.42 (m, 2H). 
7.60 (m, 2H), 8,16 (m, IH); MS (DCI/NH3) mh 359 (M + H)* , 
Anal, Calcd (Ci(,H23ClN40-1.6C4H4O4): C, H, N. 

(£)-3-(4-Pyridin-2-ylpiperazin-l-yl)-l-((?-tolYl)piopan-l-oiie 

0- Methyloxime (S3a) and (Z)-3-(4-Pyi idin-2-yipipei azin-l-yl)- 

1- (»-tolyl)propan-l-onc O-IMethyloxime (53b), Compounds were 
prepared from l-(o-tolyl)e1hanone, l-pyridin-2-ylpiperazine, and 

0- melhylhydroxylamine hydrochloride by method A in 38%> and 
12% overall yields, respectively. 53a: oil; 'H NMR (300 MHz, 
DMSO-rffi) & 2,34 (s, 3H), 2.46 (m, 4H), 2,91 (m, 2H), 3.30 (m. 
2H), 3.42 (m, 4H), 3.90 (s, 311), 6.62 (dd, J = 7 and 4 Hz, IH), 
6,80 (d, J = 9 Hz, IH). 7.21 (m, IH), 7.30 (t, ,/= 7 Hz, IH), 7.50 
(m. 3H), 8.10 (ra. I II); MS (DCI/NH,) mIz 339 (M + H)+. Anal. 
Calcd (C30H26N4O): C, H, N. 53b: oil; 'H NMR (300 MHz, 
DMSO-t/s) c5 2.31 (s, 3H). 2.40 (m, 6H). 2,68 (t, 7 = 7 Hz, 2H), 
3,21 (m, 4H), 3,70 (s, 3H). 6,62 (dd, J == 7 and 4 Hz, IH), 6,80 (d, 
y= 9 Hz, IH), 7,18 (m, 3H), 7,28 (m, IH), 7.50 (m, IH), 8.10 (m, 
IH); MS (DCl/NHi) mIz 339 (M + H)+. Anal. Calcd (C2„H->„- 
N4O): C, H, N. 

(£)-l-(3-FluoropIienyl)-3-(4-pyridin-2-yIpiperazin-l-yI)propan- 

1- one 0-Me(hyIoxinie (54a) and (Z)-I-(3-Fluorophenyl)-3-(4- 
pyridin-2-ylpiperazin-1-yl)pi opan-l-one 0-MethyIoxinic (54b). 
Compounds were prepared from l-(3-fluoropheuyl)ethanone, l-(py- 
ridin-2-ylpiperazine, and 0-raetliylhydroxylamine hydrochloride by 
method A in 35% and 18% overall yields, respectively. S4a maleate 
salt: mp 157-159 °C; Ul NMR (300 MHz, DMSO-c/^) 6 3.30 (m, 
12H), 3.98 (s, 3H), 6.08 (s, 2H), 6.73 (dd, ./ = 7 and 4 Hz, 111), 
6.95(d, ,/ = 9 Hz, Hi), 7.30 (m. IH), 7.52 (m, 311), 7,60 (m, IH), 
8.16 (ra, IH); MS (DCI/NH3) mIz 343 (M + H)+, Anal. Calcd 



(C,9H23FN40-C4H404): C, H, N. 54b maleate salt: rap 122-124 
"C; 'H NMR (300 MHz, DMSO-c/,i) 6 3.00 (m, 2H), 3,30 (m. 1011), 
3.79 (s, 3H), 6.08 (s, 2.5H), 6.74 (dd, 7 = 7 and 4 Hz, IH), 6,94 
(d, y = 9 Hz, HI), 7.33 (m, 3H), 7.50 (m, IH), 7.60 (m. 1 11), 8.16 
(m, IH); MS (DCI/NH,) mIz 343 (M + H)+. Anal. Calcd (CH,,- 
FN4O-l,25C4H4O4'0,4H2O): C, H, N, 

(/r)-l-(3-ChlorophenyI)-3-(4-pyridin-2-yIpiperazln-l-yI)pro- 
pan-J-one 0-Methyloxime (55a) and (Z)-l-(3-ChlorophenyI)-3- 
(4-pyridin-2-yIpipeiazin-l-yI)propan-l-oneO-Methyloxinic(55b). 
Compounds were prepared from l-(3-chloropheny])ethanone, l-(py- 
ridin-2-ylpiperazine, and 0-methylhydroxylamine hydrochloride by 
method A in 24%> and 15% overall yields, respectively. 55a maleate 
salt: mp 170- 172 "C; 'H NMR (300 MHz, DMSO-t/^) 5 3.24 (m. 
12H), 3.98 (s, 3H), 6,08 (s, 2H), 6.73 (dd, J=l and 4 Hz, HI), 
6.95 (d, y = 9 Hz, HI). 7.50 (m, 2H), 7.62 (m, 2H), 7.73 (m, IH), 
8.16 (m, IH); MS (DCI/NH3) mIz 359 (M + H)+. Anal. Calcd 
(C|9H2,CIN40-C4H404): C, H, N. S5b maleate salt: mp 145-147 
°C; 'H NMR (300 MHz, DMSO-rfc) & 3.30 (m, 12H), 3.79 (s, 3H). 
6,08 (s, 2H), 6,74 (dd, 7 = 7 and 4 Hz, IH), 6.94 (d, y = 9 Hz, 
IH), 7.46 (m, 3H). 7.58 (m, 2H), 8.16 (ra, IH); MS (DCI/NH,) 
mIz 359 (M + H)+. Anal. Calcd (C|.jHr,ClN4O'C4H4O4-0.4H2O): 
C. H, N. 

(i;)-3-(4-Pyridin-2-yIpiperazi)i-l-yI)-l-(/;i-tolyl)propan-l- 
one 0-Methyloximc (56a) and (Z)-3-(4-Pyridin-2-yIpipcrazin- 

1- yI)-l-(m-tolyl)pn)pBn-l-onc O-Methylosime (56b). Compounds 
were prepared from l-(;77-tolyl)ethanone, I-pyridin-2-ylpiperazine, 
and 0-methylhydroxylamine hydrochloride by method A in 34% 
and 24% overall yields, respectively. 56a maleate salt: mp 124- 
125 °C; 'H NMR (300 MHz, DMSO-rf,,) 6 2.30 (s, 3H), 3.25 (m, 
1211), 3.90 (s, 3H), 6.08 (s, 2H), 6,72 (dd, 7=7 and 4 Hz, m), 
6.91 (d, y= 9 Hz, IH), 7,28 (m, 4H), 7,60 (m. IH), 8,16 (m, IH); 
MS (DCI/NH3) mIz 339 (M + H)+, Anal. Calcd (C,oH26N40- 
C4H4O4'0.4H2O): C, H, N. 56b maleate salt: mp 119-121 "C; 
'H NMR (300 MHz, DMSO-rfe) ^ 2, 18 (s, 3H), 2.87 (m, 2H), 3.30 
(m, 12H), 3.74 (s, 3H), 6.08 (s, 2H), 6,74 (dd, .1 = 7 and 4 Hz, 
IH), 6.94 (d,y= 9 Hz, IH). 7.14 (m, IH), 7.25 (m, 4H), 7.60 (ra, 
I H), 8.16 (ill, I H); MS (DCI/NH,) mIz 339 (M f H)+. Anal. Calcd 
(C2()H,6N4O-C4H4O4-0.5H2O): C, H, N. 

(/r)-4-|l-Methoxyimino-3-(4-pyridin-2-yl|)iperazln-l-yl)pro- 
pyllbenzonitn'le (57a) and (Z)-4-[l-Methoxyimino-3-(4-pyridin- 

2- yIpiperazin-l-yI)propyl)bcnzonitrile {Sl'h). Compounds were 
prepared from 3-acetylbenzonitrile, l-pyridin-2-ylpiperaziue, and 

0- methylhydroxylamine hydrochloride by method A in 25% and 
13% overall yields, respectively. S7a maleate salt: mp 161-163 
°C; 'H NMR (300 MHz, DMSO-rff,) c5 3.20 (m, I2H), 4.00 (s, 3H), 
6.08 (s, 2.8H), 6.74 (dd, 7=7 and 4 Hz, IH), 6.96 (d, y = 9 Hz,' 
IH), 7.64 (m, 2H), 7.93 (m, IH), 8.03 (ra, IH), 8.10 (m, IH), 8.16 
(m, IH); MS (DCI/NH3) mIz 350 (M + H)+. Anal. Calcd 
(C2oH23N50-l .4C4H404): C, H, N. S7b: mp 105-108 °C; 'H NMR 
(300 MHz, DMSO-rff,) r5 2.38 (m. 611), 2.73 (t, .} = 1 Hz, 211) 
3.40 (ra, 4H), 3.73 (s, 3H), 6.62 (dd, 7 = 7 and 4 Hz, IH), 6,80 (d, 
7=9 Hz, IH), 7.50 (ra, IH), 7.62 (1,7= 9 Hz, IH), 7,75 (m, IH), 
7.83 (m, IH), 7.89 (m, IH), 8.09 (m, IH); MS (DCI/NH3) mIz 350 
(M + H)+. Anal. Calcd (C20H23N5O): C, H, N. 

(£)-l-(4-Fliiorophenyl)-3-(4-pyridin-2-yIpiperazin-l-yl)propan- 

1- one 0-Methyloximc (58a) and (Z)-l-(4-fluorophenyI)-3-(4- 
pyridui-2-ylpipcrazin-l-yl)propan-1-one 0-Methyloxinie (S8b). 
Compounds were prepared from l-(4-fluorophenyl)ethanone, l-py- 
ridin-2-yIpiperazine, and 0-methylhydroxylaniine hydrochloride by 
method A in 3 1% and 7% overall yields, respectively. 58a maleate 
salt: mp 157-159 °C; 'H NMR (300 MHz, DWSO-ck) 6 3.20 (ra, 
!2H), 3.98 (s, 3H), 6.08 (s, 211), 6.73 (dd, y = 7 and 4 Hz, 111), 
6.95 (d, .1=9 Hz, HI), 7.30 (m, IH), 7.55 (m, 4H), 8. 16 (m. Hi); 
MS (DCI/NH,) mIz 343 (M + H)+. Anal. Calcd (C,9H2,FN40- 
C4H40,i): C, H, N. 58b maleate salt: rap 122-124 °C; 'H NMR 
(300 MHz, DMSO-o'e) & 3.30 (m, I2H), 3.80 (s, 3H), 6.08 (s, 2.5H), 
6.75 (dd, y = 7 and 4 Hz, IH), 6.95 (d, 7 = 9 Hz, IH), 7.34 (m, 
3H), 7.50 (ra, IH), 7.61(m, IH), 8.16 (ra, HI); MS (DCI/NH3) mIz 
343 (M + H)+. Anal. Calcd (Ci.jH23FN40-C4li404): C, H, N. 

(£>l-(4-ChloropheiiyI)-3-(4-pyridin-2-yIp)perazin-]-yl)pro- 
pan-l-one O-Methyloxime (59a) and (ir)-l-{4-Chlorophenyl)-3- 
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(4-pyridin-2-ylpiperazin-l-yl)propaii-l-one 0-Methyloxime (59b). 
Compounds were prepared from 3-chloro-l-(4-chlorophenyl)- 
propan-]-oiie, l-pyridm-2-ylpiperaziiie, and 0-methylhydroxy- 
laraine hydrochloride by method C in 52% and 14% overall yields, 
respectively. S9a: rap 67-68 "C; 'H NMR (300 MHz, DMSO-cl,) 
(5 2.45 (m, 6H), 2.93 (t, ,/ = 7 Hz. 2H), 3.42 (t, ./ = 4.5 Hz, 4H), 

3.93 (s, 3H), 6.62 (dd, ./ = 7 and 4 Hz, IH), 6.80 (d, J=9 Hz, 
IH), 7.50 (m, 3H), 7.68 (m, 211), 8.10 (m, IH); MS (DCI/NH3) 
m/z 359 (M + H)+. 59a maleate salt: mp 164-165 "C; 'H NMR 
(300 MHz, DMSO-f/f,) r5 3.20 (m, 12H), 3.98 (s, 3H), 6.08 (s, 2H), 
6.73 (dd, ,/= 7 and 4 Hz, IH), 6.95 (d, ,7 = 9 Hz, IH), 7.50 (m. 
2H), 7.60 (ra, IH), 7.73 (m, 2H), 8.16 (ra, IH); MS (DCI/NH-,) 
m/z 359 (M + H) ' . Anal. Calcd (Ci9H3jaN40<:4H404): C, H. 
N. 59b: mp 61-64 °C; 'H NMR (300 MHz, DMSO-t/fi) 6 2.40 
(m, 6H), 2.70 (t, J = 7 Hz, 2H), 3.42 (t, J= 4.5 Hz, 4H), 3.72 (s, 
3H), 6.62 (dd, ./ = 7 and 4 Hz. IH), 6.80 (d, J = 9 Hz, IH), 7.45 
(m. 511), 8.10 (m, IH); MS (DCI/NH3) m/z 359 (M + H)+. S9b 
maleate salt; mp 150-151 °C; 'HNMR (300 MHz, DMSO-rfc) (5 
3.30 (m, 12H), 3.79 (s, 3H), 6.08 (s, 2H), 6.74 (dd, y = 7 and 4 
Hz, IH), 6,94 (d, y = 9 Hz, IH), 7.46 (m, 3H), 7.58 (m, 2H), 8.16 
(m, IH); MS (DCI/NHj) mk 359 (M + H)+. Anal. Calcd (C„H-.3- 
CIN4O-C4H4O4-0.4H2O): C, H, N. 

(£)-l-(4-BromQphenyl)-3-(4-pyridiii-2-ylpipcia2in-l-yl)pro- 
pan-l-one O-Metliyloxirae (60a) and (iO-l-(4-Bi oniophciiyl)-3- 
(4-pyrldin-2-ylpiperflzin-l-yl)pi-opan-l-oiie O-Metliyloximc (60b). 
Compounds were prepared from l-(4-bromophcnyl)ethanone, l-(py- 
ridiii-2-yl)piperazine, and 0-methylhydroxylamine hydrochloride 
by method A in 35% and 24% overall yields, respectively. 60a: 
oil, MI NMR (300 MHz, DMS0-(4) (5 2,45 (m, 6H), 2.92 (t, J = 
1 Hz, 211), 3.42 (t, y = 4.5 Hz, 4H), 3.93 (s, 311), 6.62 (dd, J= 1 
and 4 Hz, 1 II), 6.80 (d, J= 9 Hz, 111), 7.50 (m, HI), 7.71 (s, 411), 
8.10 (m, IH); MS (DCI/NH,) mb 403 (M + H)+. Anal. Calcd 
(Ci9H23BrN40): C, H, N. 60b: oil, 'H NMR (300 MHz, DMSO- 
dt) d 2.40 (m, 6H), 2.70 (t, .1 = 1 Hz, 2H), 3.40 (t, J = 4.5 Hz, 
4H), 3.70 (s, 3H), 6.62 (dd, J=7 and 4 Hz, IH), 6.80 (d, ^ = 9 
Hz, I H), 7.39 (d, J= 9 Hz, 2H), 7.50 (ra, IH), 7.61 (d, J = 9 Hz, 
2H), 8.10 (m, IH); MS (DCI/NHi) m/z 403 (M + H)+. Anal. Calcd 
(C,i,H2,BrN40): C, H, N. 

(£)-l-(3,5-Dinuorophenyl)-3-(4-pyiidiii-2-ylpiperazin-l-yl)- 
propan-l-one 0-Methyloxime (61a) and (7)-l-(3,5-Diniiorophen- 
yl)-3-(4-pyridin-2-ylpiperazin-1 -yl)propan-l -one O-MetUyloxime 
(6,1b). Compounds were prepared from 1 -(3,5-diFluoropheiiyl)- 
ethanone, l-pyridin-2-ylpiperazinc, and 0-mediylhydroxylamine 
hydrochloride by method A in 42% and 23% overall yields, 
respectively. 61a: mp 70-73 "C; 'H NMR (300 MHz, DMS0-<4) 
6 2.45 (m, 6H), 2.92 (t, J = 7 Hz, 211), 3.40 (t, y = 4 Hz, 411), 

3.94 (s, 311), 6.62 (dd, J=7 and 4 Hz, IH), 6.80 (d, .7 = 9 Hz, 
IH), 7.33 (m, 311), 7,50 (ra. Hi), 8.09 (m. HI); MS (DCI/NH.,) 
in/z 361 (M + H)+. Anal. Calcd (C|gH22F2N4O-0.3H2O): C, H, N. 
61b maleate salt: mp 137-138 °C; 'H NMR (300 MHz, DMSO- 
di) d 3.00 (m, 2H), 3.23 (ra, lOH), 3.80 (s, 3H), 6.07 (s, 2H), 6.73 
(dd, y = 7 and 4 Hz, 1.H), 6.95 (d, J = 9 Hz, IH), 7.30 (m, 3H), 
7.60 (m, IH), 8.16 (m, HI); (DCI/NH,) m/z 361 (M + H)+. Anal. 
Calcd (C,<,Il22F2N40-C4H404): C, H, N. 

(£)-l-(3,5-Diniethylphenyl)-3-(4-pyridin-2-ylpiperazin-l-yl)- 
propan-l-one 0-Methyloxlme (62a) and (2)-I-(3,5-Dimethylplien- 
yl)-3-(4-pyridin-2-yIpiperazin-l-yl)propan-l-oneO-Metltyloxime 
(62b). Coinpounds were prepared from l-(3,5-dimethylphenyl)- 
ethanone, l-pyridin-2-ylpiperazine, and O-niethylhydroxylamine 
hydrochloride by method A in 42% and 8% overall yields, 
respectively. 62a maleate salt: mp 167-168 "C; 'H NMR (300 
MHz, DMSO-f/,,) 6 2.30 (s, 611), 3.20 (m, 12II), 3.95 (s, 311), 6.07 
(s, 2H), 6.73 (dd, ,/ = 7 and 4 Hz, IH), 6.95 (d, .7 = 9 Hz, 111), 
7.08 (ra, IH), 7.28 (ra, 2H), 7.60 (m, IH), 8.16 (m, IH); MS (DCl/ 
NH3) m/z 353 (M + H)*. Anal. Calcd (C2iH,8N40-C4H404- 
O.6H2O): C, H, N. 62b maleate salt: mp 131-133 "C; 'H NMR 
(300 MHz, DMSO-di.) 6 2,30 (s, 6H), 2,96 (m, 2H), 3.30 (m, iOH), 
3.77 (s, 311), 6.07 (s, 3H), 6.75 (dd, J= 7 and 4 Hz, HI), 6.95 (d, 
.7=9 Hz, HI), 7.08 (m, 311), 7.28 (m, 2H), 7.60 (ra, HI), 8. 16 (m, 
IH); (DCI7NH3) ,7,/z 353 (M + H)+. Anal. Calcd (C2iH28N40- 
I.5C4H4O4): C, H,N. 



(£')-l-(2,4-Dichlorophenyl)-3-(4-pyridiii-2-ylpiperazin-l-yl)- 
propan-]-one 0-Methyloxime (63a) and (Z)-l-(2,4-Dichlorophen- 
yl)-3-(4-pyridin-2-ylpipei azin-l-yI)propan-l-one 0-Methyloxime 
(63b). Compounds were prepared from l-(2,4-diohlorophenyl)- 
ethanone, l-pyridin-2-yIpiperazine, and 0-methylhydroxylamine 
hydrochloride by method A in 14% and 20%o overall yields, 
respectively. 63a: oil, 'H NMR (300 MHz, DMSO-c/f,) d 2.45 (m, 
6H), 2.92 (t, .7=7 Hz, 2H), 3.37 (m, 4H), 3.90 (s, 3H.), 6.61 (ra, 
IH), 6.78 (d, ,7=9 Hz, HI), 7.50 (m, 311), 7.71 (s, HI), 8.10 (m, 
IH); MS (DCI/NH5) m/z 393 (M + H)+, Anal. Calcd (C,,,!!,--- 
Cl2N4O-0,25H2O): C, H, N, 63b: oil, 'H NMR (300 MHz, DMSO- 
de) 6 2.40 (m, 6H), 2,66 (t, / = 7 Hz, 2H), 3.40 (t, ,7 = 4.5 Hz, 
4H), 3.70 (s, 3H), 6.62 (dd, J=l and 4 Hz, IH), 6.80 (d, J = 9 
Hz, IH), 7.39 (d, / = 9 Hz, IH), 7.50 (m, 2H), 7.67 (d, 7 = 3 Hz, 
IH), 8.10 (m, HI); MS (DCI/NH,) m/z 393 (M + H)+. Anal. Calcd 
(Cii,H22Cl2N40): C, H, N. 

(£')-l-(3-Chloro-4-nuorophenyl)-3-(4-pyridin-2-yIpipcra/Jn- 
l-yl)propan-l-one 0-Met!iyloximc (64a) and (Z)-l-(3-Chloro- 
4-nuorophenyl)-3-(4-pyridin-2-ylpiperazin-l-yl)propan-l-one O- 
Methyloxime (64b). Compounds were prepared from l-(3-cIiloro- 
4-fluorophcnyl-e1hanone, l(pyridin-2-ylpiperazine and 0-methyI- 
hydroxylamine hydrochloride by method A in 28% and 12% overall 
yields, respectively. 64a maleate .salt: mp 161-162 °C; 'H NMR 
(300 MHz, DMSO-rfr,) <5 3.18 (m, 12H), 3.97 (s, 3H), 6.06 (s, 2H), 
6.74 (dd, ,/ = 7 and 4 Hz, IH), 6.94 (d, J = 9 Hz, HI), 7.52 (t, J 
= 9 Hz, IH), 7.60 (m, IH), 7.71 (m, HI), 7.87 (dd, .7 = 7 and 3 
Hz, IH), 8.16 (m, HI); MS (DCI/NH3) m/z 377 (M + H)+. Anal. 
Calcd (C,9H22FCIN40-C4H404): C, H, N, 64b maleate salt: mp 
143-144 °C; 'H NMR (300 MHz, DMSO-rfr,) 6 3,22 (m, I2H), 
3,80 (s, 3H), 6.06 (s, 2H), 6.73 (dd, J = 7 and 4 Hz, IH), 6,94 (d, 
J = 9 Hz, IH), 7.58 (m, 3H), 7.77 (m, IH), 8.16 (m. IH); MS 
(DCI/N.H3) m/z 377 (M -I- H)+. Anal. Calcd (C|9H22FC1N40- 
C4H4O4'0.2H2O): C, H, N. 

(jB)-l-(3,4-Dichlorophcnyl)-3-(4-pyridin-2-ylpipcra/Jn-J-yl)- 
propan-l-one 0-Methyloxinie (65a) and (Z)-l-(3,4-Diclilorophen- 
yl)-3-(4-pyridin-2-ylpiperazin-l-yl)propan-l-oneO-Mcthyloxime 
(65b). Compounds were prepared from l-{3,4-dichloropheiiyl)- 
ethanone, I-pyridin-2-ylpiperazine, and 0-raethylhydroxylamine 
hydrochloride by method A in 41% and 16% overall yields, 
respectively. 65a maleate salt: mp 182-183 °C; 'H NMR (300 
MHz, DMSO-rfe) 6 3.27 (m, I2H), 3.98 (s, 3H), 6,07 (s, 2H), 6,73 
(dd, y = 7 and 4 Hz. IH), 6,95 (d, .7 = 9 Hz, IH), 7.60 (m, IH), 
7.70 (m, 2H), 7.90 (d, ,7 = 3 Hz, IH), 8,16 (m. IH); MS (DCI/ 
NH3) tn/z 393 (M + H)+, Anal, Calcd (:C|9H22Cl2N40-C4H404): 
C, H, N, 65b maleate salt: rap 140-142 °C; 'if NMR (300 MHz, 
DMS0-(4) (5 3,00 (m, 2H), 3,30 (m, lOII), 3,80 (s, 3H), 6,06 (s, 
211), 6,73 (dd, .7 = 7 and 4 Hz, Hi), 6.95 (d, ,7=9 Hz, IH), 7.50 
(m, IH), 7.60 (m, IH), 7.75 (d, ,7 = 9 Hz, IH), 7,80 (d, ,/= 3 Hz, 
IH), 8. 16 (m, IH); MS (DCI/NH3) m/z 393 (M + H)' . Anal. Calcd 
(C|9H22Cl2N4O-C4H4O4-0.5H2O): C, H, N. 

(j&-).l.(4.ChIoro-3-niethylphenyl)-3-(4-pyridin-2-ylplperazin- 
l-yl)propan-l-one O-Methyloximc (66a) and (2)-l-(4-Chloro- 
3-incthylphenyI)-3-(4-pyridin-2-yIpiperazin-l-yI)propan-l-one 
O-Methyloxime (66b). Compounds were prepared from l-(4- 
chloro-3-methylplienyl)ethanone, l-pyridin-2-ylpiperazine, and O- 
methylhydroxylamine hydrochloride by method A in 47% and 16% 
overall yields, respectively. 66a maleate salt: mp 177-178 °C; 
'H NMR (300 MHz, DMSO-c/f,) d 2.37 (s, 311), 3.25 (m, 12H), 
3.96 (s, 3H), 6.06 (s, 2H), 6.73 (dd, .7=7 and 4 Hz, IH), 6.95 (d, 
J = 9 Hz, IH), 7.60 (m, 4H). 8.16 (m, IH); MS (DCI/NH3) m/z 
373 (M. + H)+. Anal. Calcd (C2oH25ClN40-C4H404-0.6H20): C, 
H, N. 66b maleate salt: mp 136-137 °C; 'H NMR (300 MHz, 
DMSO-t/r.) (5 2.37 (s, 3H), 3.00 (ra, 211), 3,30 (m, lOII), 3,80 (s, 
3H), 6,06 (s, 2H), 6,73 (dd, / = 7 and 4 Hz, IH), 6.95 (d, ,7=9 
Hz, III), 7.36 (m, IH), 7.50 (m, 211), 7.60 (m, HI), 8.16 (m, IH); 
MS (DCI/NH3) m/z 373 (M + H)+. Anal. Calcd (C,oH-,5ClN40- 
C4H4O4-0.6H2O): C, H, N, 

(£)-l-(3,4-Diniethylphcnyl)-3-(4-pyridin-2-ylpiperazin-l-yl)- 
propan-l-one O-Methyloxinie (67a) and (/?)-l-(3,4-Dimetliylphen- 
yI)-3-(4-pyridin-2-ylpiperazin-l-yl)propan-l-oneO-Metliyloxime 
(67b). Compounds were prepared from l-(3,4-dimethylphenyl)- 
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ethanone. l-pyridin-2-ylpiperazine, and (9-raetliylhydroxylaniiiie 
hydrochloride by method A in 39% and 7% overall yields, 
respectively. 67a inaleate salt: mp 166-167 °C; '11 NMR (300 
MHz, DMSO-t4) f5 2.23 and 2.26 (2s, 6H), 3.20 (m, 12H), 3.97 (s, 
3H). 6.06 (s, 2H), 6.74 (dd, / = 7 and 4 Hz, IH), 6.95 (d, ,/ = 9 
Hz, I H), 7.20 (d, ,/ = 9 Hz, IH), 7.40 (ra, IH), 7.46 (m, IH), 7.60 
(in, IH), 8.16 (m, IH); MS (DCI/NHj) miz 353 (M + H)+, Anal. 
Calcd (C21H28N4O-C.1H4O4-O.6H1O): C, H. N. 67b maleate salt; 
mp 130-131 °C; 'H NMR (300 MHz, DMSO-f/,,) 6 2.23 (s, 6H), 
3.12 (m, 12H), 3.76 (s, 311), 6.06 (s, 2H), 6.74 (dd, ./ = 7 and 4 
Hz, IH), 6.95 (d, ./= 9 Hz, IH), 7.24 (m, 3H), 7.60 (ni, IH), 8.16 
(ra, IH); MS (DCl/NHj) tniz 353 (M + H)+. Anal. Calcd 
(C2iH38N40-C4H404): C, H, N. 

l-Pyridin-3-yl-3-(4-pyridin-2-yIpiperazin-l-yl)propan-l-one 

0- Methyloxime (68ab). Compound was prepared from 1-pyridin- 
3-ylethanoue, l-pyridin-2-yipiperazine. and 0-raetiiylliydroxylamine 
hydrochloride by method A in 26% overall yield. 5:2 /i:Z maleate 
salt (foam): 'H NMR (300 MHz, DMSO-^/f,) 6 3.23 (ra, 12H), 4.82 
and 4.98 {2s, 2:5, 3H), 6.17 (s, 5H), 6.75 (m, IH), 6.95 (d, .; = 7 
Hz, IH), 7.44 (m, IH), 7.62 (m, HI), 7.94 and 8.07 (2m, 2:5, IH), 
8.17 (m, HI), 8.61 and 8.65 (2m, 2:5, Hi), 8.72 and 8.90 (2m, 2:5, 
IH); MS (DCl/NH,) mIz 326 (M + H)+. Anal, Calcd (C,«Il,,r 
C1N50-2.5C4H404): C, H, N. 

(£)-l-(4-Chlorophenyl)-3-(2-methyl-4-pyiidin-2-ylpiperazin- 

1- yl)propan-l-one O-Mcthyloxime (69a) and (Z)-l-(4-CliIo- 
rophenyl)-3-(2-methyl-4-pyridin-2-vlpiperaziii-J-yI)propan-l- 
one 0-Methyloxime (69b). A solution of 2-melliylpiperaziue (0.50 
g, 5.0 mmol) and 2-broraopyridine (5.0 niL, 50 mmol) was healed 
at 120 "C for 18 h. The mixmre vva.s cooled to 22 "C, diluted with 
water, and extracted with ethyl acetate. The organic phase was 
extracted with dilute aqueous HC'l {2x), and the combined aqueous 
layers were concentrated under reduced pressure. The resulting oil 
was triturated with EtaO and the solid residue was dissolved in 
MeOH and codistilled with dry toluene (2x) to produce 1.23 g 
(96%) of the desired 3-methyl-]-pyridin-2-ylpipera7,ine hydrobro- 
mide,1.4: 'H NMR (300 MHz, DMSO-c/s) & 1.30 (d, J = (, Hz, 
3H), 3.17 (m, 2H), 3.41 (m, 3H), 4.36 (m, 2H), 6.93 (t, J - 6 Hz. 
IH), 7.28 (d, y = 9 Hz, IH), 7.90 (t, ^ = 8 Hz, 1 H), 8, 1 3 (dd, J = 
6 and 1.5 Hz, IH), 9.17 (br s, IH), 9.35 (br s, IH); MS (DCI/NH3) 
mie 178 (M + H)+. 

The title E- and Z-isomers were prepared from 3-cliloro-l-(4- 
chlorophenyOpropan- 1 -one, 3-methyl- 1 -(pyridin-2-yl)piperazine, 
and 0-methylhydroxyIamine hydrochloride by method C in 45% 
and 14% overall yields, respectively. 69a: oil; 'H NMR (300 MHz, 
CDCl,,) f5 1 . 1 1 (d, ,/ = 6 Hz, 3H), 2.57 (m, 2H), 2.72 (m, 2H), 2.90 
(m, 4H), 3.09 (m, IH), 3.95 (m, IH), 3,98 (s, 311), 3.99 (ra, HI), 
6.60 (m. 1 H), 6,64 (d, J = 9 Hz, 1 H), 7,34 (m, 2H), 7.47 (m, 1 H), 
7,59 (ra, 2H), 8,18 (m, IH); MS (DCI/NH3) iniz 373 (M + H)+, 
69a maleate saU: mp 140- 141 "C; 'H NMR (300 MHz, DM.SO- 
d() d 1,25 (d, = 6 Hz, 311), 4,00 (m, 1 111), 3,97 (s, 3H), 6.08 (s, 
2H), 6.72 (dd, ,/ = 7.0 and 5 Hz, 1 IT), 6.95 (d, .7 = 9 Hz, 1 H), 7.50 
(ra, 2H), 7.59 (m, IH), 7,72 (m, 211), 8,14 (dd, ,/ = 5 and 1.5 Hz, 
IH); Anal. Calcd (C2oH2.ClN40-C4H404): C, H, N. 69b: oil; 'H 
NMR (300 MHz, DMSO-t/s) <5 0.85 (d, / = 6 Hz, 3H), 2.22 (m. 
IH), 2.33 (m, 2H). 2.68 (m, 4H), 2.83 (ra, IH). 2.96 (m, IH), 3.72 
(s, 3H), 3.85 (d, y = 12 Hz. 2H), 6.61 (d, J = 7 Hz, IH), 6.79 (d, 
J= 9 Hz, 111), 7.48 (m, 5H), 8.1 (m, IH); MS (DCyNH,) mIz 373 
(M + H)+. 69b maleate salt: foam; 'H NMR (300 MHz, DMSO- 
di) 6 1 .28 (d, ./ = 6 Hz, 3H), 3.69 (m, 1 IH), 3.80 (s, 3H), 6.09 (s, 
2.4H), 6.73 (dd, J=l and 5 Hz, 1 H), 6.95 (d, y = 9 Hz, IH). 7.58 
(m, 5H), 8.15 (dd, ./ = 5 and 1.5 Hz, IH); Anal, Calcd (CjoH,;- 
CIN4O- 1,20411404): C, H, N. 

(/s')-l-(4-Chlorophcnyl)-3-(3',4',5',6'-tetrahydro-2'?/-f2,4']bi- 
pyridinyl-r-yl)propaii-l-one O-Mcthyloxime (70a) and (iT)-!- 
(4-Clilorophenyl)-3-(3',4',5',6'-tetrahydro-2'//-[2,4'Jbipyridinyl- 
l'-yl)propan-l-one 0-Methyloxime (70b). The title E- and 
Z-isomers were prepared trom 3-chloro-l-(4-chlorophenyl)propan- 
1-one, r,2',3',4',5',6'-hexahydro[2,4']bipiiidinylhydrochloride,'8-'5.M 
and O-niethylhydroxylamine hydrochloride by method C hi 21% 
and 7% overall yields, respectively. 70a: oil; 'H NMR (300 MHz, 
DMSO-t/s) ^1.71 (m, 4H). 2.05 (ra, 2H), 2.45 (t, J= 7.5 Hz, 2H), 



2.61 (m, IH), 2.92 (ra, 4H), 3,92 (s, 3H,), 7,19 (dd, J= 7,5 and 6 
Hz, IH), 7.26 (d, / = 9 Hz, IH), 7,47 (m, 2H), 7.69 (m, 311), 8,48 
(m, I H); MS (DCI-NH,,) mIz 358 (M + H)+. Anal, Calcd for 70a 
maleate salt (foam) (C,oH24ClN,0-C4H404): C, H, N, 70b: oil; 
'H NMR (300 MHz, DMSO-d() 6 1.71 (m, 4H), 1.98 (m, 2H), 
2.36 (t. J = 7.5 Hz, 2H), 2.60 (m, IH), 2.68 (t, J = 7.5 Hz, 2H), 
2.88 (m. 2H), 3.71 (s, 3H,), 7.19 (dd, y = 7.5 and 6 Hz, IH), 7.25 
(d, J = 9 Hz. II-I), 7.45 (m, 4H), 7.69 (m, IH), 8.48 (m, IH); MS 
(DCl-NHj) mIz 358 (M -I- H)+, Anal, Calcd (C2oH-'4ClN.,0- 
0.1 H2O); C, H, N. 

(Z?)-l-(4-Chlorophcnyl)-3-(l-oxy-3',4',S',6'-tetrahydro-2'i?- 
[2,4'Jbipyridinyl-I'-yI)propan-l-one 0-Methyl-oximc (71a) and 
(^-l-(4-chIoropheiiyl)-3-(l-oxy-3',4',5',6'-tetiahydro-2'tf-[2,4']- 
bipyrldiiiyl-l'-yl)propan-l-one O-Methyloxime (71b). Com- 
pounds weiie synthesized flora the hydrochloride salt of r,2',3',4',5',6'- 
hexahydro-[2,4']bipyridinyl 1-oxide," 3-chloro- 1 -(4-chlorophenyl)- 
propan-l-one, and 0-methylhydroxylamine by inethod C in 41% 
and 7% yields, respectively. 71a: 'H NMR (300 MHz, DMSO-c/f,) 
f5 1.50 (m, 2H), 1.88 (m, 2H), 2.0S (t, J= 7.5 Hz, 2H), 2,45 (t, ./ 
= 7 Hz, IH), 2.93 (m, 5H), 3.21 (m, IH), 3.92 (s, 3H), 7,28 (m, 
2H), 7,38 (ra, IH), 7.48 (d, 7=9 Hz, 2H), 7,68 (d, ,7=9 Hz, 2H); 
8,24 (m, HI); MS (DCl/NH.,) mIz 374 (M + H)+, Anal, Calcd for 
71a maleate salt (foam) (C2(,H24CIN302-C4H404): C, H, N, 71b: 
Ml NMR (300 MHz, DMSO-a'fi) f5 1,50 (m, 2H), 1.89 (m, 2H) 
2,00 (t, J = 7.5 Hz, 2H), 2.37 (t, = 7,5 Ib„ 2H), 2,68 (t, .J = 7,5 
Hz, 2H), 3.21 (m, IH), 3.72 (s, 3H), 7.30 (m, 2H), 7,38 (m, 2H), 
7.45 (d. y = 4.5 Hz, 2H), 7,49 (m, IH); 8.21 (m, IH); MS (DCl/ 
NH3) mIz 374 (M -f H)+. Anal. Calcd for 71b maleate salt (foam) 

(C2oH24CIN302-C4H404): C, H, N. 

(i!')-l-(4-Clilorophenyl)-3-(3',4',5',6'-tctraIiydi-o-27/-|2,3']bi- 
pyridinyl-l'-yl)propan-l-onc 0-IVIethyloxime (72a). Compound 
72a was synthesized fl-om tert-butyl-3-oxo-l-piperidinecaiboxy- 
late"'" by the process described for the synthesis of 70a: 'H NMR 
(300 MHz, CDClj) 5 1.63 (m, 3H), 1.79 (m. IH), 1.97 (m, IH), 
2.15 (m, IH), 2.26 (t, y = 7.5 Hz, IH). 2,59 (in, 2H), 2.95 (ra, 
3H), 3.12 (ra, IH), 3.97 (s. 31-1), 7.13 (ra, 2H), 7.35 (d,y= 9 Hz, 
21-1), 7.58 (d, ./ = 9 Hz, 2H), 7.63 (m, IH), 8.57 (ra, IH); MS 
(DCI/NH3) mIz 358 (M + H)+. Anal. Calcd (C,oH24ClNjO- 
O.25H2O): C, H, N, 

(/i)-l-(4-FhioropbenyI)-2-(4-pyridin-2-yl)ethanone Oxime (73a) 
and (Z)-l-(4-Fhiorophenyl)-2-(4-pyridm-2-yl)ethanone Oxime 
(73b). Compounds were prepared from 2-chloro-l-(4-fluorophenyl)- 
elhanone, l-pyridin-2-ylpiperazine, and hydroxylamine hydrochlo- 
ride by method D in 34% and 4% overall yields, respectively. 
73a: mp 136-137 °C; 'H NMR (300 MHz. DMSO-Jj) 6 2,46 
(ra, 411), 3,38 (m, 6H), 6,60 (dd, y - 7 and 4 Hz, IH), 6,76 (d, J 
= 9 Hz, IH), 7.20 (t, y = 9 Hz, 2H), 7.50 (m, IH), 7.62 (m, 2H), 
8,09 (m, IH), 11.05 (s. 111); MS (DCI/NH3) m/z 315 (M -h II)+, 
73b: mp 136-138 "C; 'H NMR (300 MHz, DMSO-4) <5 2,50 
(m, 4H), 3,60 (t, y = 4 Hz, 4H), 3,66 (s, 2H), 6,62 (dd, y = 7 and 
4Hz, IH),6.77(d,y=9Hz, IH), 7.20 (t, y = 9 Hz, lH),7.50(m, 
IH), 7.62 (m, 2H), 8.09 (m, IH), 11.45 (s, IH); MS (DCI/NH3) 
m/z 315 (M -f H)+. Anal. Calcd (C|7H|9FN4O-0.3H2O): C, H, N. 

(jEl-l-(4-FIuorophenyl)-2-(4-pyridin-2-yl)ethanoneO-Metliyl- 
oxime (74a) and (Z)-l-(4-FlHorophenyl)-2-(4-pyridin-2-yl)etha- 
iione O-Methyloxime (74b). Compounds were prepared from 
2-chloro- 1 -(4-nuorophenyl)ethanone, 1 -pyridin-2-ylpiperazine, and 

0- methylhydroxylaraine hydrochloride by method D in 17% and 
6% overall yields, respectively. 74a dimaleate salt: mp 152-153 
°C; 'H NMR (300 MHz, DMSO-c/^) 6 3.30 (ra, lOH), 3.86 (s, 3H), 
6.20 (s, 4H), 6.70 (dd, y = 7 and 4 Hz, 111), 6,88 (d, y = 9 Hz, 
111), 7,30 (t, y = 9 Hz, 2H), 7.60 (m, IH), 7.68 (ra, 211), 8.12 (m, 
IH); MS (DCI/NH3) m/z 329 (M -f H)+. Anal. Calcd (C,8H-,,FN40- 
2.OC4H4O4-I.2H2O): C, H, N. 74b dimaleate salt: mp 144-145 
°C; 'H NMR (300 MHz, DMSO-*,) d 3.30 (m, lOH), 3.97 (s, 3H), 
6.20 (s, 4H), 6,70 (dd, y = 7 and 4 Hz, IH), 6.87 (d, y = 9 Hz, 
IH), 7,30 (t, y = 9 Hz, 2H), 7,58 (m, HI), 7,85 (m, 2H), 8,13 (m, 
111); MS (DCI/NH3) m/z 329 (M + H)+. Anal, Calcd (Ci8H2,FN40- 
2.OC4H4O4): C, H, N. 

(£)-l-(4-Fluorophenyl)-4-(4-pyridiii-2-ylpiperazin-l-yl)butan- 

1- onc Oxime (75a) and (Z)-l-(4-Fluoi ophenyl)-4-(4-pyridin-2- 
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ylpipcr!izin-l-yl)butaii-l-one Oxime (75b). Compounds were 
prepared from 4-chloro-l-(4-fluoropheiiyl)biitan-l-one, 1-pyridin- 
2-ylpiperazine, and hydroxylamine hydrochloride by method D in 
35% and 4% overall yields, respeetively. 7Sa: mp 158—159 °C; 
'H NMR (300 MHz, DMSO-rffi) <5 1 .65 (m, 2H), 2,32 (t, ./ = 7 Hz, 
2H), 2.40 (m, 4H), 2.75 (t, .1=1 Hz, 2H), 3.43 (m, 4H), 6.6 1 (dd, 
,/ = 7 and 4 Hz, IH), 6.80 (d, ,/ = 9 Hz, IH), 7.22 (1, ./ = 9 Hz, 
2H), 7.51 (m, HI), 7.72 (dd, /== 9 and 4 Hz. 2H), 8.10 (m. HI), 
11.07 (s, IH); MS (DCI/NH,) miz 343 (M + H)+. Anal. Calcd 
(C,9H2.!FN4O-0.5H2O): C, 11, N. 75b: oil; 'H NMR (300 MHz, 
DMSO-n'e) <> 1 -55 (m, 2H), 2.30 (1, ./ = 7 Hz, 2H), 2.35 (t, J = 4.5 
Hz, 4H), 2.53 (m, 2H), 3,42 (t, J = 4.5 Hz, 4H), 6.61 (dd, ./ = 7 
and 4 Hz, IH). 6.79 (d, J' = 9 Hz, IH), 7.22 (t, / = 9 Hz, 2H), 
7.52 (m, 3H), 8,09 (m, H-l), 10.64 (s, IH); MS (DCI/NH3) mIz 343 
(M + H)+. 

(ii)-l-(4-FluoropIienyl)-4-(4-pyridin-2-ylpiperazin-l-yl)butan- 
1-one O-Methyloxime (76a) and (2:)-l-(4-Fluorophciiyl)-4-(4- 
pyridin-2-yIpiperazin-l-yl)butan-l-one 0-lVIetliyloxime (76b). 

Compounds were prepared from 4-chloro-l-(4-fluorophenyl)butan- 
1-one, l-pyridin-2-ylpiperazine, and 0-methylhydroxylamine hy- 
drochloride by method D in 43% and 18% overall yields, 
respectively. 76a; mp 55-56 °C, 'H NMR (300 MHz, DMS0-<;4) 
<5 1.63 (m, 2H), 2,32 (t, ./ = 7 Hz, 211), 2,38 (t, ,/ = 4,5 Hz, 4H), 
2.75 (t, J = 7 Hz, 2H), 3.42 (t,./= 4,5 Hz, 4H), 3.91 (s, 3H), 6.61 
(dd, ./ = 7 and 4 Hz, IH), 6.80 (d, J =9 Hz, I H), 7.22 (t, 7=9 
Hz, 2H), 7.51 (m, HI), 7.72 (dd, ./ = 9 and 4 Hz, 2H), 8.10 (m, 
111); MS (DCI/NH,) mIz 357 (M + H)+. Anal. Calcd (C10H.5- 
FN.,0): C, H, N. 76b: oil, 'H NMR (300 MHz, DMSO-rff,) (5 1 ,55 
(quintet, ,/ = 7 Hz, 2H), 2.30 (t, .1 = 1 Hz, 2H), 2,37 (t, ./ = 4.5 
Hz, 4H), 2,55 (m, 2H), 3.42 (t, J = 4,5 Hz, 4H), 3,72 (s, 3H), 6.61 
(dd, = 7 and 4 Hz, IH), 6,79 (d, = 9 Hz, IH), 7.22 (t, .1=9 
Hz, 2H), 7,50 (ra, 3H), 8.09 (m, I H); MS (DCI/NH-,) mIz 357 (M 
+ H)+. 

(£')-I-(4-ChloropIienyl)-2-hydioxy-3-(4-pyridin-2-yIpiperazin- 
l-yl)propanon-l-one 0-Methyloxime (77a) and (2)-l-(4-Chlo- 
roplienyl)-2-hydroxy-3-(4-pyridin-2-ylpiperazin-l-yl)propanon- 
1-one O-Methyloximc (77b), l-(4-Chlorophenyl)-3-(4-pyridin-2- 
ylpiperaziu-l-yI)propan-l-one (522 ing, 1.6 minol) and iodobenzeue 
diacetate [PhI(0Ac)2, 547 mg, 1.7 mmol) were combined in 
methanol (25 raL), and a solution of KOH (297 nig, 5.3 mmol) in 
MeOH (5 mL) was added dropwise. The reaction was continued 
at room temperature for 5 h and then wa.s concentrated under 
reduced pressure. The residtie was treated with ethyl acetate and 
water, and the organic layer was separated, washed with brine, dried 
over anhydrous MgSO.i, and concentrated under reduced pressure 
to afford 570 mg of crude l-(4-chlorophenyl)-l,l-dimethoxy-3-(4- 
pyridin-2-ylpiperazin- 1 -yl)propan-2-ol : 'H NMR (300 MHz, DMSO- 
di) d 2.42 (m, 4H), 3.13 (s, 3H), 3.20 (s, 3H), 3.41 (m, 6H), 4.05 
(ra, IH), 4,78 {A.J =6 Hz, IH), 6.60 (dd, ^ = 7 and 4.5 Hz, IH), 
6.77 (d, ./ = 9 Hz, I H), 7,40 (s, 4H), 7.50 (m, IH), 8.08 (m, IH); 
MS (DCI/NH3) mIz 392 (M + H)+. 

The crude I -(4-chlorophenyl)- 1 , 1 -diraethoxy-3-(4-pyridin-2- 
ylpiperazin-l-yl)propan-2-ol (570 mg, ~l ,5 mmol) was dissolved 
in chloroform (20 mL) and treated at room temperature with 5% 
H2SO4 (15 mL) for 18 h. Alter a saturated solution of NaHCO, 
was added, the organic layer was washed with brme, dried over 
anhydrous MgS04, and concentrated under reduced pressure to 
afford 345 mg of ciiide l-[4-chloro-2-hydroxy-3-(4-pyridin-2- 
ylpiperazin-l-yl)]propanon-!-one: MS (DCI/NH.,) mIz 346 (M + 
H)+. 

Methoxylamine hydrochloride (410 rag, 5 ramol) and crude l-[4- 
chloro-2-hydroxy-3-(4-pyridin-2-ylpiperazin-l-yl)]propanon-l-ono 
(344 mg, ~1 mmol) were combined in pyridine (10 mL) and the 
reaction was left at room temperature for 14 h. The pyridine wa.s 
removed under reduced pressure, and the residue was treated with 
a saturated solution of NaHCOa and extracted with ethyl acetate. 
The acetate layer was washed with brine, dried over anhydrous 
MgSO.i, and concentrated under reduced pressure. The residue was 
purified by column chromatography (CH2Cl2/aoetone 4: 1 as eluent) 
to provide 200 mg (53%) of £-isomer (77a) and 132 mg (35%) of 
Z-isomer (77b), 77a maleate salt: mp 155-156 °C; 'H NMR (300 
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MHz, DMSO-c/fi) <5 3.30 (m, lOH), 3,78 (s, 3H), 4.85 (m, IH), 
6.06 (s, 2H), 6.72 (dd, J=l and 4.5 Hz, 1 H), 6,9 1 (d, ,/ = 7 Hz, 
I H), 7,44 (d, = 9 Hz, 2H), 7,52 (d, ./ = 9 Hz, 1 H), 7,60 (m, I H), 
8,15 (m, IH); MS (DCI/NH.,) mIz 375 (M + H)+, Anal, Calcd 
(C„H23ClN40vC,H404); C, H, N. 77b maleate salt: mp 167- 
169 °C; iH NMR (300 MHz, DMSO-^/e) f5 3.30 (m, lOH), 3.95 (s, 
3H), 4,35 (m, IH), 5.56 (br d, J = 7 Hz, IH), 6.1 1 (s, 3H), 6,74 
(dd, J = 7 and 4,5 Hz, HI), 6,93 (d, ,/ = 7 Hz. IH), 7,48 (d, J = 
9 Hz, 211), 7,60 (m, IH), 7.70 (d, J = 9 Hz, IH), 8,15 (m, HI); 
MS (DCI/NH.,) mIz 375 (M + H)+. Anal. Calcd (C„H23C1N40,- 
I.5C4H4O.,): C, H, N, 

(/i)-l-(4-Chloroplienyl)-2-methoxy-3-(4-pyridin-2-ylpiperazin- 
l-yl)propanon-l-oiie 0-Methyloxirae (78a) and {Z)-l-(4-Chlo- 
rophcnyl)-2-methoxy-3-(4-pyridin-2-ylpiperazin-l-yl)propanon- 
l-one <?-MethyIoxime (78b). Compounds were isolated as side 
products of proce.ss for the synthesis of 77a and 77b in 2% and 
3% yields, respectively. 78a: oil; 'H NMR (300 MHz, DMSO-t/^) 
d 2.56 (ra, 5H), 2.80 (dd, J = 1 2 and 6 Hz, I H), 3,14 (s, 3H), 3,42 
(t, J = 6 Hz, 4H), 3.94 (s, 3H), 5.05 (dd, J=l and 4.5 Hz, IH), 
6.62 (dd, ./ = 7 and 4.5 Hz, IH), 6.80 (d, J=l Hz, IH), 7,50 (m, 
3H), 7.68 (d, ,7=9 Hz, HI), 8,08 (m, IH); MS (DCI/NH,) mIz 
389 (M + H)+, Anal. Calcd (CooltsCIN^O-.): C, H, N. 78b: oil; 
IH NMR (300 MHz, DMSC^-t/J & 2,30 (m, 4H), 2.40 (dd, ,7 = 12 
and 6 Hz, IH), 2,55 (m, IH), 3.35 (s, 3H), 3.42 (m, 4H), 3.76 (s, 
3H), 4, 1 7 (t, 7 = 7 Hz. 1 H), 6.62 (dd, 7=7 and 4.5 Hz, IH), 6.80 
(d, 7 = 7 Hz, HI), 7,34 (d. 7 = 9 Hz, 2.H), 7.50 (ra, 3H), 8.10 (m, 
HI); MS (DCI/NH,) mIz 389 (M + H)-+. Anal. Calcd (C2oH-.5- 
CIN4O2): C. H, N, 

(/?)-2-Hydroxy-3-(4-pyridin-2-ylpiperazin-l-yI)-I-(/«-tolyl)- 
propan-l-one Oxime (79a) and (;?)-2-Hydn)xy-3-(4-pyridin-2- 
ylpipeiazin-I-yI)-l-(«i-tolyI)propan-l-oiie Oxime (79b). Com- 
pounds 79a and 79b were prepared from 3-(4-pyridin-2-ylpiperazin- 
l-yl)-l-(ni-tolyl)propan-l-one by the process described for the 
synthesis of 77a and 77b in 10% and 8% overall yields, respec- 
tively. 79a: rap 198-200 "C; 'H NMR (300 MHz, DMSO-rff,) (5 
2,34 (s -f- m. 7H), 2.52 (m, 2H), 3,42 (m, 4H), 4.52 (m, 1 H), 5,20 
(d, 7 = 4 Hz, 11-1), 6,62 (dd, 7=7 and 4 Hz, 1 H), 6,80 (d, ./ = 7 
Hz, IH), 7.16 (m, 3H), 7.22 (t, 7 = 7 Hz, IH), 7.50 (ra, HI), 8.10 
(ra, IH), 10.60 (s, HI); MS (ESI+) mIz 341 (M + H)+; MS (ESI-) 
mIz 339 (M - H) Anal. Calcd (C|.jH,4Nj02): C. H, N. 79b: mp 
157-159 °C; 'H NMR (300 MHz, Dm'sO-^s) (5 2.30 (s, 3H), 2.55 
(m. 5H), 2.66 (dd, 7 = 12 and 7 Hz, IH), 3.44 (m, 4H), 5,18 (m, 
IH), 5,44 (m, IH), 6.62 (dd, 7 = 7 and 4 Hz, IH), 6.80 (d, 7 = 7 
Hz, IH), 7.14 (m, IH), 7.22 (t, 7= 7 Hz, IH), 7.45 (m, 2H), 7.51 
(m, IH), 8,10 (m, IH), 11.20 (s, IH); MS (ESI-f) miz 341 (M -t- 
H)+; MS (ESI-) mIz 339 (M - H)". Anal. Calcd (C19H14N4O2): 
C, H, N, 

(£)-2-lVIcthoxy-3-(4-pyridin-2-ylpiperazin-l-yl)-l-(/7/-to!yl)- 
propan-l-one 0-McthyIoxime (80a) and (Z)-2-lVIethoxy-3-(4- 
pyridin-2-ylpiperazin-l-yl)-l-(/«-toIyl)propan-l-one 0-Methyl- 
oxime (80b). Compounds were isolated as side products of process 
for the synthesis of 79a and 79b in 2% and 1% yields, respectively. 
80a: oil, 1% overal] yield; 'H NMR (300 MHz, DMSO-rfs) d 2.30 
(s, 3H), 2.38 (m, 4.H), 2.85 (s, 2H), 3.20 (s, 3H), 3.30 (m, 5H), 
6.60 (dd, 7=7 and 4 Hz, IH), 6.74 (d, 7 = 7 Hz, IH), 7,10 (m, 
IH), 7.20 (m. 3H), 7.46 (ra, IH), 8.05 (m, IH), 1 1.10 (s, IH); MS 
(ESH-) mIz 355 (M + H)+; MS (ESI-) mIz 353 (M - II)-. 80b: 
oil, 2% overall yield; 'H NMR (300 MHz, DMSO-rff,) (5 2.32 (s, 
3H), 2.53 (m, 5H), 2.80 (dd, 7 = 12 and 7 Hz, I H), 3.15 (s, 3H)^ 

3.44 (m, 4H), 5.18 (q, 7 = 3 Hz, IH), 6.62 (dd, 7=7 and 4 Hz, 
1 H). 6.80 (d, 7 = 7 Hz, 1 H), 7. 1 4 (m, HI), 7.22 (t, 7 = 7 Hz, 1 H), 

7.45 (m. 2H), 7.51 (m, HI), 8.10 (m, HI), 1 1.44 (s, HI); MS (ESI+) 
mh 355 (M + H)+; MS (ESI-) mIz 353 (M - II)". Anal. Calcd 
(C.flHzoN^O.-O.ISCHzCL): C, H. N. 

l-(4-ChloropIienyl)-2-methyl-3-(4-pyridin-2-ylpiperazin-l-yl)- 
pr()j)anon-l-one O-Methyloximc (Slab). Compound was prepared 
from l~(4"Clilomphcnyl)propan-I-one, l-pyridin-2-ylpiperazine, and 
O-methylliydroxylaniine hydrochloride by method A in 1 8% overall 
yield, as a 3:1 mixture of 2:£' isomers: diraaleate salt, mp 152- 
153 "C; 'H NMR (300 MHz, DMSO-di) 6 1.05 and 1.28 (2 d, 3:1, 
7=7 Hz, 3H), 3.30 (m, 1 IH), 3.78 and 3.92 (2 s, 3:1, 3H), 6.18 
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(s, 4H), 6.73 (m, IH), 6.93 (m, IH), 7.50 (m, 5H), 8.16 (m, IH); 
MS (DCI/NII,) miz 373 (M+H)+. Anal. Calcd (C2oIl2^ClN40- 
2.0C.,H4O4); C, H, N. 

l-(4-Chlorophcnyl)-2-(mcthoxj'aminomcthyl)-3-(4-pyrifliii-2- 
ylpiperazin-l-yl)propanoii-l-one 0-McthyIoxime (82a). Com- 
pound was prepared from 3-ehloro-l-(4-chlorophenyl)propan-l-one, 
1 -pyridin-2-ylpiperazine, and 0-mefliylhydroxylamine hydrochlo- 
ride by method A in 25% overall yield, a.s a 1:1 mixture of Z:E 
isomers: maleate salt, rap 1 18-121 °C; 'H NMR (300 MHz, 
DMSO-c/6) (5 3.20 (m + 2s, 13H), 3.70 (m 4- 2s, 6H), 6.18 (s, 
3.5H), 6.75 (m, III), 6,95 (m, IH), 7.50 (m, 311), 7.60 (m, HI), 
7.75 (m, HI), 8.16 (m. 111); MS (DCl/NH.,) mh 418 (M + H)+. 
Anal. Calcd (C-.|H2sClN50-i-l.75C4H40j): C, H; N calcd 1 1.28, 
found 10.86. 

1- (4-Chloroplienyl)-2-isopropoxymethyl-3-(4-pyridin-2-ylpi- 
pcra2in-J-yl)propanon-l-one 0-Methyloxirac (83a). Compound 
was prepared from 3-chloro-l-(4-chlorophenyl)propan-l-one, 1-py- 
ridin-2-ylpipera7.ine, and O-metliylliydroxylamine hydrochloride by 
method A in 35% overall yield, as a 2:1 mixture ofZ:£ isomers: 
dinialeate salt, mp 106-109 °C; 'H NMR (300 MHz, DMS0<4) 
& 1.01 (m, 6H), 3.40 (m, 20H), 3.80 (s, 2H), 3.92 (s, IH), 6.18 (s, 
4H), 6.75 (m. Hi), 6,95 (ra, IH), 7.50 (m, 5H), 8.16 (m, IH); MS 
(DCl/NHO mIz 431 (M + H)+. Anal. Calcd (C2iH3,ClN402- 
2,0C4H4O4): C, H, N. 

2- Hy(lr()xy-l-pyridin-3-yl-3-(4-pyridin-2-ylpiperaziii-l-yl)pro- 
pan-l-one 0-Methyloximc (84al)). Compound was prepared from 
l-pyridin-3-yl-3-(4-pyridin-2-ylpiperazin- 1 -yl)propan- 1 -one by die 
process described for the synthesis of 77a and 77b in 13% overall 
yield as a 2: 1 mixture of Z:^ isomers: 'H NMR (300 MHz, DMSO- 
4) (5 2.32 (m, 2.511), 2.55 (m, 3.2 H), 3.71 (dd, y = 12 and 7 Hz, 
0,31:1), 3.42 (m, 4H), 3.75 (s, 2H), 3.92 (s. 111), 4.57 (m, 0.66H), 
5.36 (ra, 0.34H), 5.52 (d, J = A Hz, 0.34H), 5.60 (d, y = 4 Hz. 
0.66H), 6.62 (dd, ^ = 7 and 4 Hz, I H), 6.80 (d, 7 == 7 Hz, IH), 
7.42 (m, IH), 7.53 (m, IH), 7.75 (dt, J = 7 and 2 Hz, 0.66H). 8.04 
(dt, y = 7 and 2 Hz, 0.34H), 8.10 (m, IH). 8.54 (m, 1.66H), 8.78 
(m, 0.33H); MS (ESI+) mli 342 (M 4- H)+. Anal. Calcd 
(C,«H23N5O2-0.51l2O): C, H; N calcd 19.99. found 19.53. 

2-(4-Pyridin-2-ylpiperazin-l-ylinethyl)-3,4-dihydro-2fl-naph- 
tlialen-l-one 0-Ethyloxime (85a). Compound was prepared from 
3,4-dihydro-27-/-naphlhalen- 1 -one, I -pyridin-2-Ylpiperazine, and 
0-ethylliydroxylamine hydrochloride by method A in 15% overall 
yield: dimaleate salt, mp 146-147 "C; 'H NMR (300 MHz, 
DUSO-di) 1-5 1.30 (t,y= 7 Hz, 3H), 1.87 (m, IH), 2.10 (m, IH), 
2.73 (m, IH), 3.25 (m, IIH), 3.97 (m. 111), 4.22 (q, J = 7 Hz, 
2H), 6.15 (s, 4H), 6.73 (dd, y = 7 and 4 Hz, IH), 6.95 (d, y = 9 
Hz, HI), 7.23 (m, 211), 7.33 (m, HI), 7.60 (m, HI), 7.90 (d, y = 
9 Hz, HI), 8.16 (m, IH); MS (DCl/NH,) mIz 365 (M + H)+. Anal. 
Calcd (C22H28N4O-2.0C4H4O4): C, H, N. 

Biological Procedures: (A) FLIPR Assay of Receptor Activa- 
tion by Agonists. Test compounds were evaluated for their ability 
to activate the human 04,4 receptor eoexpresised with GOqo.'i ui 
H.EK293 cells according to the method described by Moreland et 

(B) 1)4,4 Calcium Flux Assay (Antagonist Mode). Conipoimds 
were evaluated by the procedtire described above with the following 
addition. After the final fluorescence reading in agonist mode, 
another 50 /<L from the dopamine plate was added to the cells to 
inake the final concentration 1 /«M. Fluorescence readings were 
continued for an additional 3 min. The data were normalized with 
the response of 1 ,«M dopamine alone." 

(C) D21, and D4.4 Radioligand Binding Assays. Dopamine D2r. 
and D4 ligand binding affinities were determined by use of 
radioligands ['»I]-PIPAT and ['H]-A-369508, respectively, as 
described by Moreland et al. ''-' 

(D) Conscious Rat Penile Erection Model. Male Wistar rats 
were used as a primary animal model to study penile erection in 
vivo.'" All experiments were caiTied out between 9:00 a.m. and 
3:00 p.m. in a diffusely illuminated testing room with a red light. 
Animals were weighed and allowed to adapt to the testing room 
for 60 min prior to the beginning of experiments. Rats were placed 
individually in a transparent cage (20 x 30 x 30 cm) after drug 



injection. The number of penile erections was recorded by direct 
observation for a period of 60 min after drug dosing, and the number 
of animals exhibiting one or more erections was expressed as 
incidence (percent). 

(E) Emesis Model in Fci-rets. Male Fitch ferrets (body weights 
1,0-1,5 kg, Marshall Famis) were fasted overnight before experi- 
mentation. Test couipouiid.s were ;idministrated subcutaneously, and 
animals were carefully placed m individual observation cages and 
watched for any signs of drug-induced emesis and signs of nausea 
for 90 min. Nausea was characterized by behaviors such as licking, 
gagging, backing, head burying, and intense abdominal grooming. 
When present, emesis was usually preceded by these behaviors and 
was characterized by rhythmic abdominal contractions which were 
associated with vomiting or retching movement. 

Supporting Information Available: Elemental analysis data 
for the compounds and X-ray crystallogiaphic information for 
compounds 22a, 25a, 39a, and 75a. This material is available free 
of charge via the Internet at http;//pubs.acs.org. 
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